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PREFACE 


The objective of this contract (NAS5-24067) is the development of 
computer software for the preflight mission analysis of missions to earth- 
sun libration points. This software, designated STEAP-L, extends the capa- 
bility of the Space Trajectories Error Analysis Programs (STEAP) developed 
under contracts NAS1-9745, NAS5-11795, and NAS5-:11873 and begins the inte- 
gration of STEAP with the Goddard Trajectory Determination System (GTDS), 

The software produced consists of two related programs, both of which 
use the GTDS Cowell propagator for the computation of the trajectory and state 
transition matrices. The first program, NOMNAL, is responsible for the gen- 
eration of the nominal trajectory from launch at earth to insertion into halo 
orbit about the desired libration point. NOMNAL uses a Newton- Raphson 
iteration (moving backward in time from the insertion maneuver) to perform 
the targeting of both impulsive and finite burn insertions into halo orbit. 

A user-controlled launch profile allows the transfer to be tied to a realis- 
tic launch and injection, NOMNAL stores the targeted trajectory and state 
transition matrices on a file for later analysis by the second program 
ERRAN. 

The program ERRAN performs generalized linear error analyses along 
specific targeted trajectories. Knowledge and control covariances are pro- 
pagated along the trajectory through a series of measurements and guidance 
events in a totally integrated fashion. The knowledge covariance is pro- 
cessed through measurements using a Kalman- Schmidt recursive filter with 
arbitrary solve- for/consider/ ignore state augmentation. Probabilistic 
midcourse corrections are computed using an exact analytic formulation. 

ERRAN obtains the trajectory and state transition matrices from a file 
generated by NOMNAL for program efficiency. 

A major conclusion of this effort is that the complementary features 
of the GTDS and STEAP systems may be effectively combined to yield a signifi- 
cantly improved system. Thus the Cowell file generator/reader capability of 
the GTDS has been combined with the generalized covariance analysis of STEAP 
to yield a more efficient, extended error analysis capability than either 
system had previously. Other conclusions reflect the efficacy of the back- 
ward targeting algorithm developed for the libration mission targeting and 
the analytic formulation implemented for the midcourse correction sizing. 

The general recommendations for future effort identified during this 
study are two-fold. Because of the success of this preliminary integration 
of the GTDS and STEAP systems it is recommended that this effort be continued 
and enlarged. In the specific area of libration point mission analysis, it 
is recommended that more derailed models (e.g,, pulsing thrust insertion into 
halo orbit) be developed and continued studies be made of critical problems 
(e.g. station-keeping error analysis) for these peculiar missions which are 
neither interplanetary, lunar, nor earth-orbiting. 
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1 . 


INTRODUCTION 


This Analytic and User’s Manual is intended to provide the reader with 
a detailed description of the capability of the STEAP-L (Space Trajectory 
Error Analysis Programs - Libration Point Missions) programs. This volume 
includes descriptions of the mathematical analysis, assumptions and restric- 
tions upon which the STEAP-L programs are based. It also details the usage 
of the two programs of STEAP— L: NOMNAL, the nominal trajectory generator; 

and ERRAN, the linear error analysis program. An accompanying volume is 
the Programmer's Manual which defines the structure and coding of the pro- 
grams and routines. This volume is divided into three major parts. This 
introductory chapter discusses the general development of the STEAP library 
of programs, describes the libration point missions toward which the cur- 
rent effort is directed, and summarizes the capability of each of the pro- 
grams developed for this application: NOMNAL and ERRAN. Chapters 2 through 

5 form an analytical manual comprised of NOMNAL analysis, ERRAN navigational 
analysis, ERRAN maneuver analysis, and ERRAN generalized covariance analysis 
respectively. Chapter 6 details the usage of NOMNAL; Chapter 7, the usage 
of ERRAN. These chapters describe the input and output of each program and 
discuss sample cases generated with each program. 

1.1 Development of STEAP 

STEAP is an acronym for Space Trajectory Error Analysis Programs. Rather 
than a single computer program, STEAP is a library of related programs for the 
analysis of the navigation and guidance characteristics of space missions. 
These programs have been developed, modified, and extended over a number of 
years by the Martin Marietta Corporation (MMC) under the direction of NASA in 
a variety of contracts. 

There are two pr ima ry unifying elements in the development of the STEAP 
system. The first is in the underlying philosophy of STEAP. STEAP has always 
been directed toward the performance of a totally-integrated analysis of the 
navigation and guidance processes of space missions. Thus interaction is 
continually forced between the tracking uncertainties and the maneuver execu- 
tion errors to determine the evolving uncertainties in the knowledge and con- 
trol of the spacecraft trajectory. The second element is in general program 
structure. The STEAP software has continually been divided into three dis- 
tinct operational modes responsible for nominal trajectory targeting and 
generation (NOMNAL), linear error analyses (ERRAN), and single-case or Monte 
Carlo simulations (SIMUL). The current effort does not address the third of 
these types of programs. 

The mathematical foundation for the STEAP system was initially developed 
under Contract NAS8-21120 for Marshall Space Flight Center. The first ver- 
sion of STEAP (Contract NAS1-8745) was constructed for general interplanetary 
ballistic missions for Langley Research Center to support the Viking mission 
analysis and design. Later development of STEAP was performed for Goddard 
Space Flight Center (Contracts NAS5-11795 and NAS5-11873) where specific ex- 
tensions required for Planetary Explorer (later known as Pioneer Venus) and 
general lunar missions were added in a version called STEAP -II. More recent- 
ly, programs for the navigation and guidance analysis of low thrust inter- 
planetary and near -Earth missions have been developed for Langley Research 
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Center (NAS1-11686) and Marshall Space Flight Center (Contract NAS8-29666). 
Throughout this time, improvements in the analytical techniques and program 
structure have been continually identified and incorporated into the STEAP 
series of programs. (References 1-5.) 

Under the current contractual effort, versions of NOMNAL and ERRAN 
appropriate for missions to Earth-Sun lib ration points have been developed 
(termed STEAP-L) . A very significant feature of this effort is that the 
Goddard Trajectory Determination System (GTDS) Cowell propagator is being 
integrated into the STEAP-L programs. The Cowell propagator permits the 
generation of a file containing trajectory and state transition matrix 
(computed by integration of the variational equations) data during the 
NOMNAL run. This data may then be efficiently retrieved in subsequent ERRAN 
runs, thereby eliminating the costly Integration cycle from ERRAN. 

A number of new analytical features have been added to STEAP under this 
contract. An unusual approach has been used in the targeting of the libra- 
tion point missions. Backward integration is used in computing the success- 
ive trajectory iterates and targeting matrices required by the Newton Raphson 
targeting algorithm. This backward targeting scheme efficiently produces a 
targeted transfer trajectory that is consistent with realistic launch and 
injection constraints. The approach is well-suited to cometary or lunar 
missions as well. 

An exact computation of the probabilistic midcourse correction require- 
ments using the recently published technique of Lee-Boain (Reference 6) has 
been added to ERRAN (see Section 4.4). This replaces the previous model 
which employed the Hoffman-Young approximation (Reference 7) and which could 
lead to significant errors at the higher probability levels. This technique 
is applicable to lunar or interplanetary trajectories as well as the libra- 
tion point missions. 

A third significant item developed during this effort has been the re- 
formulation of the variable time -of -arrival (VTA) guidance policy for the 
libration point mission application. The guidance policies available in 
previous versions of STEAP always assumed that the target state was refer- 
enced to a gravitational body such as the moon or a planet. This restriction 
has now been removed (see Section 4.4). 

Details of these and other mathematical models and algorithms developed 
for the libration point mission application are provided in Chapters 2 
through 5 of this volume. The characteristics of the libration point 
missions necessitating these extensions are described in the summary of the 
libration point missions given in the next section. The capabilities of 
the resulting programs NOMNAL and ERRAN are then detailed in the next two 
sections. 

1.2 Libration Point Mission Application 

The STEAP-L programs developed under this contract are designed for 
use primarily for the analysis of missions to the two Earth-Sun libration 
points near the Earth. These are designated L-. and L 2 in Figure 1,1, which 
shows schematically the location of all five classical Lagrangian or li- 
bration points. 
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Figure 1.1 Earth-Sun Libra tion 
Points 



Figure 1.2 Details of and L 2 
Libration Points 


Figure 1.2 shows in more detail the location of points and L 9 with respect 
to the Earth, with the orbit of the Moon, the classical or Laplacian sphere 
of influence of the earth, and an enlarged version occasionally used in tar- 
geting of swingby missions. The two spheres of influence are defined by 

2/5 

R soi “ r se( m e^ m s^ 
r esoi " r se(Vm s ) 1/3 

where R SE is the Earth-Sun distance and M E and M s are the masses of the Earth 
and Sun respectively. 

Efficient transfers from circular Earth parking orbit to the Lj^ and 
points have been shown (Reference 8 ) to fall into at least two major families; 
those with short (-25 to 50 day) transfer times and those with long (-100 to 
135 day) transfer times. The fast transfers require from 341 to about 400 
meters/second AV to insert into orbit near the libration point, with the 
minimum AV at about 36.4 days. The slow transfers require insertion AV of 
from 272 to about 400 meters /second, with the mini-mum AV at about 116,8 days. 
These optimum insertion values are based upon the Earth in a circular orbit 
around the Sun and will vary slightly due to the ellipticity of the orbit of 
the Earth. The influence of the moon will affect them also. Both of the 
families discussed above assume a posigrade transfer orbit upon leaving the 
Earth; corresponding families exist for retrograde departures, but these re- 
quire higher insertion AV at the libration point. For long flight times at 
least two other families of trajectories exist but have higher AV require- 
ments. Even more families exist with longer flight times (-175 days) that 
have lower AV requirements (~200 meters/second) (Reference 8 ). 
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The primary feature of the libration points is that they are equilibrium 
points of the system; i.e, , if a spacecraft is placed exactly at a libration 
point with no motion relative to the system, it will remain at that point 
relative to the two-body configuration. The collinear points (Lj_, L 2 , L 3 ) 
are unstable while the equilateral triangle points (L 4 , L 5 ) are only quasi- 
stable, Thus, some form of station-keeping is necessary to maintain the 
spacecraft in that location. However, the fuel required is still much less 
than it would be at arbitrary points of the system. Thus , the L-j. and L 2 
points offer attractive stations for spacecraft for monitoring solar or solar/ 
earth phenomena (Reference 9). To facilitate communications, the spacecraft 
would generally be placed in a ’'halo-orbit** about the libration point so that 
the sun would not obstruct the view of the spacecraft from earth. A typical 
halo-orbit in the plane normal to the rotating earth-sun line is Illustrated 
in Figure 1.3. 


2 x 10 - 




X-axis from Sun to Earth 

Z-axis Normal to Ecliptic 

Y-axis Completes Right Hand 
System 


Figure 1.3 Typical Halo-Orbit as Viewed from Earth 


The current effort is directed toward the study of the transfer and in- 
sertion phases of the libration point mission; the station-keeping while in 
the halo-orbit was not addressed in this effort. The two programs developed 
for the analysis of libration point transfers include the nominal trajectory 
and maneuver targeting program NOMNAL and the navigation and guidance error 
analysis program ERRAN summarized in the next two sections. 

1.3 Summary of NOMNAL 

The computer program NOMNAL is responsible for the generation of a nomi- 
nal trajectory from injection at earth to insertion into a halo orbit about 
a libration point in the earth-sun system. 

NOMNAL uses a specialized version of the GTDS Cowell propagator for the 
integration of the trajectory equations. The dynamic model used in the re- 
duced Cowell propagator includes the accelerations, on the spacecraft pro- 
duced by a central body, up to two non-central bodies, and finite thrust 
engines. The Cowell propagator generates state and control transition ma- ' 
trices by integration of variational equations simultaneously with the equa- 
tions of motion. These matrices are then used in the targeting of the li- 
bration point missions within NOMNAL and in the propagation of covariance 
matrices and the error analysis of the finite burn insertion maneuver in ERRAN. 
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NOMNAL has the capability to target transfer trajectories to libration 
points using both impulsive and finite thrust insertion maneuvers. In either 
case a backward targeting scheme is employed where conditions at the libra- 
tion point are iteratively improved to yield trajectories which when propa- 
gated backwards in time from the desired arrival point and time to the earth 
satisfy desired target conditions. The three target conditions at the earth 
are radius of closest approach, equatorial inclination at closest approach, 
and time at closest approach. These three conditions are normally selected 
to be consistent with the desired parking orbit radius, launch site latitude, 
and desired trip time. 

In impulsive targeting the three controls at the libration point are the 
three components of velocity on the transfer trajectory. In finite thrust 
targeting the controls are the right ascension and declination of the thrust 
direction and the duration of the burn; the thrust magnitude, engine specific 
impulse, and initial spacecraft mass are held constant at the user-supplied 
values. A Newton-Raphson algorithm is used to iteratively improve the con- 
trol parameters to determine their required values. 

The program includes three options for the determination of the zero 
iterate values to begin the targeting process: table interrogation, conic 
approximation, and user-specif ication, Tables defining targeted velocities 
have been constructed for transfers to the L-^ and L 2 points with trip times 
in the vicinity of either optimal transfer (tabulated AVs for trip times of 
from 25 to 50 days and from 102 to 130 days at 1 day intervals). Initial 
values of velocity may then be interpolated from the data stored in these 
tables. The second option computes the initial libration point velocity by 
solving Lambert’s theorem for the geocentric conic connecting the libration 
point radius and the injection radius in the desired time. The third option 
accepts a user -supplied zero iterate vector computed by the user outside the 
program • 

NOMNAL can adjust the injection time of the transfer to correspond to a 
realistic launch profile specified by the user. It then adjusts the arrival 
time by the same amount to hold the trip time at the user-desired value. 

NOMNAL computes and records such information as the required launch azimuth, 
coast time, and whether or not a coplanar injection maneuver is required. 

1*4 Summary of ERRAN 

The error analysis /generalized covariance analysis program ERRAN is a 
preflight mission analysis tool that is used to determine how selected error 
sources influence the orbit determination process for libration point missions. 

In the error analysis mode, ERRAN provides three primary quantitative 
results: (1) knowledge covariance matrices, which provide a measure of how 
well the actual trajectory is known, (2) control covariance matrices, which 
when propagated forward to the target provide a measure of how well the 
nominal target conditions will be satisfied by the actual trajectory, and 
(3) statistical midcourse AVs, which provide a measure of the amount of fuel 
required for a successful mission. 
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In the generalized covariance analysis mode, EILRAN provides all of the 
above information plus corresponding "actual" statistical information. The 
three results discussed in the previous paragraph are all computed on the 
basis of statistical distributions assumed by the navigation filter to des- 
cribe the significant error sources. In the generalized covariance analysis 
mode, "actual" knowledge covariances, control covariances, and statistical 
midcourse AVs are computed on the basis of statistical distributions that 
actually describe both error sources acknowledged by the navigation filter 
and the error sources ignored. The primary use of the generalized covariance 
analysis program is to study the sensitivity of filter performance to off- 
design conditions. 

Up to 15 measurement parameters may be solved-for or considered by the 
navigation filter employing a Kalman- Schmidt sequential formulation. Param- 
eters not acknowledged in design of the filter may be treated as ignore pa- 
rameters when ERRAN is run in the generalized covariance analysis mode. 
Measurement biases include biases in the locations of the three earth-based 
tracking stations, and biases in all measurements. Available measurement 
types are range, Doppler, and a simple optical model. Measurement noise 
for each measurement type is assumed to be constant. 

The computational procedure in ERRAN is divided into basic cycle com- 
putations and event computations. Basic cycle computations are concerned with 
the propagation of covariances forward to a measurement time and processing 
the measurement. Events refer to a set of specialized computations, not 
directly concerned with measurement processing, that can be scheduled to occur 
at arbitrary times along the trajectory. State transition matrices interpo- 
lated from the file created by NOMNAL are used for all covariance matrix 
propagation. 

The four events available in ERRAN are eigenvector, prediction, guid- 
ance, and final insertion into halo orbit. At an eigenvector event the 
position and velocity partitions of the knowledge covariance matrix are 
diagonalized to reveal geometric information about the size and orientation 
of the position and velocity navigation uncertainties. At a prediction event 
the most recent covariance matrix is propagated forward to some critical tra- 
jectory time to determine predicted navigation uncertainties in the absence 
of further measurements. 

The guidance event is the most complex event and yields much useful 
information for preflight mission analysis. Several types of guidance events 
are available in ERRAN. At a midcourse guidance event the user can choose 
from either fixed or variable time of arrival guidance policies (FTA or VTA). 
Execution error statistics are generated using an impulsive error model de- 
fined by a proportionality error, a resolution error, and two pointing angle 
errors. The execution errors of the insertion maneuver may be modeled as 
either an impulsive maneuver (defined above) or a finite thrust maneuver 
(component errors modeled as two pointing errors and a thrust magnitude 
uncertainty). The target condition covariance matrix both before and 
after the maneuver is printed out for midcourse and insertion maneuvers. 
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2 . 


NOMNAL ANALYSIS 


This section of the report summarizes the analytical foundation of the 
NOMNAL subprogram developed for the libration point mission application. It 
therefore describes the mathematical assumptions, models, and restrictions 
used in the program. The major topics are discussed in the following order: 
trajectory and transition matrix generation, zero iterate computation, 
Impulsive targeting, finite burn targeting and launch phase modeling. 


2.1 Trajectory and Transition Matrix Generation 

NOMNAL uses the Cowell propagator developed for use in the GTDS for the 
simultaneous integration of the spacecraft equations of motion and the 
variational equations defining the state transition matrix. This Cowell 
propagator has been specialized to the libration point mission application to 
reduce core storage and time requirements. Only the major modifications and 
critical features of the Cowell propagator will be discussed here as complete 
documentation of the propagator is available at GSFC. 

2.1.1 Trajectory Propagation 

The equations of motion of the spacecraft state (R,V) with respect to 
the central body are assumed to be of the form 


dR 

dt 


= V 


dV _ A 
dt ' 


C + A N + A^ 


( 2 . 1 ) 


In this equation, the central body acceleration A^ is given by 

Ac-- 

where y is the mass of the central body. The non-central body gravitational 
accelerations Ajj is given by 


•^N ? 

T =i I 


( 


U i (R 1 -R) 

Ir -rI 3 

i 



(2.3) 


where R. and are the relative position and mass of the i L “ perturbing body* 
The number of perturbing bodies can be zero, one or two at the option of the 
user* The ephemerides of the gravitational bodies are obtained from the perma- 
nent direct access file of the GTDS as supplied by GSFC* To implement the 
finite burn targeting (discussed in detail in Section 2.4) a specialized ver- 
sion of the finite thrust acceleration A<p was used* The finite thrust is 
assumed to be in a fixed direction determined by the heliocentric ecliptic 
right ascension a and declination g* The thrusting engine is assumed to have 
a constant mass flow rate m given by m - T/(gIgp) where T is the thrust mag- 
nitude, Isp is the engine specific impulse and g is the gravitational accel- 
eration of Earth. The instantaneous spacecraft mass is then computed from 
m = m Q - mt, where tOq is the initial spacecraft mass and t is the time from 
thrust initiation. The parameters m Q , T, and Igp are specified by the user. 
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The resulting finite burn acceleration is then given by 


ftT/m) cos a cos 8 


— 


(T/m) sin « cos 8 
(T/m) sin 8 


(2-4) 


The actual integration of these equations of motion is performed by the GTDS 
second sum Cowell integration scheme using the regular vary-step integration 
mode with the multi-step starter. The evolving components of state are stored 
sequentially as an orbit file for later use by ERRAN. Thus, the targeted tra- 
jectory need be fully integrated only once while all ERRAN studies made of 
that trajectory are performed off the orbit file generated by the Cowell 
propagator. 


2.1.2 Transition Matrix Generation 


Along with the spacecraft equations of motion, the Cowell propagator 
integrates the variational equations to generate the state transition matrix. 
The Cowell propagator has been extended to automatically integrate augmented 
partitions to the variational equations to compute state sensitivities to 
finite thrust parameters. These matrices are then used in the finite thrust 
targeting algorithm of NOMNAL and the finite thrust execution error model in 
ERRAN. The specifics of the state transition matrix generation of the Cowell 
propagator are detailed in GTDS documentation and will only be briefly sum- 
marized here. However, the extensions to the Cowell propagator variational 
equations for the finite thrust modeling will be discussed in some detail. 

The nonlinear equations of motion (2.1) can be rewritten as 

X - F(X,U,t) (2.5) 


where X now represents the six-vector of spacecraft position and velocity, U 
represents a three-vector of finite thrust control parameters (defined below), 
and t represents time. Small deviations (<5X, <$U) from the nominal state and 
controls obey the linearized dynamic equations 


where 


5* - f(t) <$X + g(t) «U 

f(t) = lx = 

g (t) - || [X(t),U,t] = 


3 ( v x> V y» ^z»^x»^y»^z) 

9 <VV R z>VV v z) 

3(V x >Vy>V z ,A x ,Ay,A z ) 

a ( u 1 »u 2 »u 3 ) 


( 2 . 6 ) 


( 2 . 8 ) 


given the form of the above equations, the solution to (2.6) may be written: 
$X(t) = ®(t,t 0 ) <5X 0 + 0(t,t o ) SU 0 (2.9) 

where the state transition matrix $ and the control transition matrix © are 
the solutions of the linear differential equations: 
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_d [* 0] r f 6x6 §6x3] r$ el 

dtl'V fij L°3 x 6 °3x3j y «J 

el /*. \ _ *6x6 0 *] 

h Bj ( " [o I3x3j 


( 2 . 10 ) 


It should be noted that only the equations for $ and 0 need be integrated 
here since ¥ = 0 and fi = I. The relevant equations are therefore: 


$ = f $ 


Ht 0 ,t o ) = i 


0 = f 0 + g 0(t o ,t o ) = 0 


( 2 . 11 ) 

(2.12) 


The integration of (2.11) was previously included in the Cowell propagator; 
the augmentation of (2.12) has been added to the integration cycle during 
this effort. 

The form of equations (2.1) through (2.4) results in the f -matrix assuming 
the form 


0 I 

G 0. 


(2.13) 


where the gravity gradient matrix G may be written for an inverse square law 

i7 R 

F = -M 7-7 T 


r = JL I 3RR x t 

r 3 U| 2 , 


(2.14) 


The integration of the control transition matrix equation (2.12) is performed 
only during the thrusting arc. Within the arc, the three parameters control- 
ling the thrust are the angles defining the thrust direction (a, 3) and the 
thrust magnitude T. A fourth thrust control parameter is t B , the duration of 
the burn, whose sensitivity must be handled somewhat differently. Differen- 
tiation of (2.4) yields the following form for the g-matrix for the first 
three control parameters 


sin a cos 3 
M 

T 

— sin a cos 3 


cos a sin 3 


— sin a sin 3 
M 

IcosB 


cos a cos 3 


— sin a cos g 
M 

h sin 6 

M 


(2.15) 
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Equation (2.12) can now be integrated with the aid of equations (2.13-2.15) to 
yield the control sensitivity matrix 0g used in computing insertion dispersions 

[ 3X I 3X i 9x1 

^of S HIT ! WJ* is then used in the computations in 

ERRAN of the insertion dispersions due to execution errors in ot, B. and x (see 
Section 4.5). 


The control parameters used in the targeting are thrust direction and dur- 
ation (a, B» and t 0 ) where the thrust magnitude T is held at its nominal (input) 

3X 3X 

value. The first two columns of the control sensitivity matrix — and gen- 

OCX dp 

erated in backward integration by Cowell are augmented to the burn duration 
sensitivity vector which may be simply computed as 

3X T 

a °» °» Ay. A z ] (2.16) 

to yield the targeting sensitivity matrix 0 T 1 1 |^r~J use d t * ie 

finite burn targeting (see Section 2.4). Thus the Cowell propagator has been 
effectively modified to automatically and efficiently generate all the tra- 
jectory related data required by both NOMNAL and ERRAN. 

2.1.3 Trajectory Data Retrieval 


The Cowell propagator storage and retrieval of the trajectory and tran- 
sition matrix data has not been altered during this effort. The data is 
stored sequentially on a file as the targeted trajectory is propagated in 
NOMNAL. ERRAN then interrogates the file for the trajectory and transition 
matrix data required. 


Since the transition matrix data is cumulative, some processing of the 
data is required. Suppose that the state transition matrix over the 

interval is required. The data available from the file are the cumu- 
lative (interpolated) matrices Q and desired matrix is then 

given by: ' 

-1 

*l t k = *1,0 *k,0 (2.17) 


Because of the symplectic property of 
from the form of equations (2.13) and 


simply as 



i 

\~0 - 

-4-|. .2 
.*3 i *1 

where the form of 

Vo is 


*1 i V 

*k,0 = j 

_VK_ 


This property is exploited repeatedly 
state transition matrices. It should 
trix storage and interpolation scheme 
used for any sequence of measurements 


the state transition matrix (resulting 
(2.14) the inverse may be computed quite 


(2.18) 


(2.19) 

in ERRAN in the computation of required 
be noted that the state transition ma- 
used in the Cowell propagator can be 
desired in the error analysis study. 


2-4 



2.2 Zero Iterate Generation 

Iterative refinement procedures used in targeting trajectories require 
a zero iterate value for the initial trajectory state. For the targeting of 
trajectories to halo orbits a targeting scheme which works backward in time 
has been developed and is discussed in detail in the next two sections. Thus 
the control parameters are the three components of velocity at the halo orbit 
point V Q . In NOMNAL three methods are available to the user for generating 
V . The values can be input directly by the user when he has <a priori 
knowledge of the particular case. A second option is to obtain the value 
from a set of tables included in the program to provide V 0 as a function of 
the flight time and location of the libration point. The third option is to 
solve the Lambert problem for the two-body geocentric conic connecting a 
psuedo injection position and the position at the halo orbit in the desired 
time interval. These latter two options are discussed below. 

2.2.1 Table Interrogation 

If the orbit of the Earth around the sun were exactly circular, then in 
the absence of any other perturbations the characteristics of transfer orbits 
from the Earth to a libration point are not a function of arrival date. In 
fact, for orbits confined to the ecliptic plane with a given parking orbit 
radius, the transfer orbit characteristics are a function of only the time 
interval of the transfer. This fact has been used to generate a set of zero 
iterate tables. The assumptions used in the tables are as follows: 

1) Earth orbit is circular 

2) Earth mass is equal to the sum of the actual masses of 
the Earth and Moon 

3) Transfer orbit is in ecliptic plane and terminates exactly 
at the libration point 

4) Injection occurs from a circular parking orbit of altitude 
100 kilometers 

The data are tabulated as a function of flight time giving the magnitude of 
the transfer orbit velocity at arrival at the libration point (V D ) and the 
angle that this arrival velocity vector makes with the radius vector measured 
in a clockwise direction (0). This is illustrated below. 



L X (L2) 


R 


— © 

Earth 


Figure 2.1 Parameters for Zero Iterate Tabulation 
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Table 2.1 Zero Iterate Velocity Vector for L-^ Point 


AT 

|v| 

0 

AV 

AT 

| v | j 

^ 1 

AV 

(days) 

(km/sec) 

(deg) 

(m/sec) 

(days) 

(km/sec) 

(deg) 

(m/sec) 

25 

.3593 

- 4.32 

449.3 

102 

.6079 

- 67.72 

350.7 

26 

.3316 

- 4.28 

429.1 

103 

.5911 

- 68.72 

331.4 

27 

.3053 

- 4.14 

411.1 

104 

.5790 

- 69.45 

317.5 

28 

.2808 

- 3.88 

395.5 

105 

.5704 

- 69.99 

307.6 

29 

.2577 

- 3.48 

382.1 

106 

.5642 

- 70.39 

300.5 

30 

.2362 

- 2.92 

370.9 

107 

.5590 

-70.74 

294.4 

31 

.2165 

- 2.17 

361.8 

108 

.5548 

- 71.03 

289.5 

32 

.1980 

- 1.21 

354.4 

109 

.5512 

- 71.29 

285.4 

33 

.1808 

0,04 

348.8 

110 

.5484 

- 71.50 

282.0 

34 

.1647 

1.68 

344.9 

111 

.5461 

- 71.68 

279.2 

35 

.1498 

3.76 

342.3 

112 

.5443 

- 71.83 

277.0 

36 

.1360 

6.40 

341.3 

113 

.5429 

- 71.96 

275.3 

37 

.1234 

9.74 

341.5 

114 

.5419 

- 72.06 

274.1 

38 

.1122 

13.89 

342.9 

115 

.5412 

- 72.14 

273.2 

39 

.1025 

19.05 

345.5 

116 

.5410 

- 72.20 

272.7 

40 

.0945 

25.19 

349.0 

117 

.5410 

- 72.24 

272.6 

41 

.0885 

32.48 

353.7 

118 1 

.5413 

- 72.26 

272.8 

42 

.0847 

40.49 

359.0 

119 

.5419 

- 72.27 

273.4 

43 

.0835 

49.01 

365.3 

120 

.5428 

- 72.26 

274.2 

44 

.0846 

57.46 

372.3 

121 

.5439 

- 72.23 

275.4 

45 

.0880 

65.38 

379.9 

122 

.5453 

- 72.19 

276.9 

46 

.0935 

72.27 

388.3 

123 

.5469 

- 72.14 

278.6 

47 

.1008 

78.06 

397.4 

124 

.5488 

- 72.07 

280.6 

48 

.1093 

82.99 

406.9 

125 

.5510 

- 71.98 

282.9 

49 

.1184 

87.09 

416.5 

126 

.5533 

- 71.89 

285.4 

50 

.1279 

90.22 

426.1 

127 i 

.5559 

- 71.78 

288.2 





128 

.5587 

- 71.65 

291.2 





129 

.5617 

- 71.52 ; 

294.5 





130 

.5650 

- 71.37 

298.1 





131 

.5685 

- 71.21 

301.9 





132 

.5722 

- 71.04 ! 

305.9 





133 

.5761 

- 70.86 

310.2 





134 

.5801 

- 70.67 

314.6 





135 

.5843 

- 70.47 

319.2 





136 

.5887 

- 70.26 

324.1 





137 

.5932 

- 70.05 

329.0 





138 

.5980 

- 69.82 

334.3 





139 

.6029 

- 69.58 

339.8 





140 

■ 

.6080 

» . « . » ■ ■ 

- 69.34 

i — 

345.4 
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Table 2.2 Zero Iterate Velocity Vector for 1^ Point 


— I 

at 

|v| 

0 

AV 

AT 

|v| 

0 

AV 

(days) 

(km/sec) 

(deg) 

(m/sec) 

(days) 

(km/sec) 

(deg) 

(m/ sec) 

25 

.3641 

- 4.63 

452.8 

102 

* 6443 

-65.27 

392.3 

26 

.3363 

- 4.23 

434.0 

103 

.6214 

-66 . 64 

365.7 

27 

.3101 

- 3.78 

417.1 

104 

.6030 

-67.75 

344.5 

28 

.2855 

- 3.36 

402.0 

105 

.5888 

-68.63 

328.0 

29 

.2623 

- 2.94 

388.4 

106 

.5782 

-69.30 

315.8 

30 

.2407 

- 2.46 

376.6 

107 

.5703 

-69.80 

306.6 

31 

.2209 

- 1.86 

366.9 

108 

.5647 

-70.18 

300.1 

32 

.2023 

- 1.09 

358.8 

109 

.5606 

-70.47 

295.3 

33 

.1850 

- 0.11 

352.3 

110 

.5566 

-70.74 

290.6 

34 

.1687 

1.19 

347.4 

111 

.5534 

-70.98 

286.8 

35 

.1536 

2.88 

344.0 

112 

.5509 

-71.18 

283.8 

36 

.1395 

5.11 

342.1 

113 

.5487 

-71.35 

281.2 

37 

.1266 

8.01 

341.7 

114 

.5471 

-71.49 

279.2 

38 

.1150 

11.74 

342.6 

115 

.5458 

-71.61 

277.6 

39 

.1047 

16.52 

344.9 

116 

.5449 

-71.71 

276.4 

40 

.0961 

22.35 

348.3 

117 

.5444 

-71.78 

275.7 

41 

.0895 

29.49 

352.9 

118 

.5442 

-71.83 

275.4 

42 

.0851 

37.47 

358.4 

119 

.5443 

-71.87 

275.4 

43 

.0831 

46.13 

364.7 

120 

.5447 

-71.89 

275.7 

44 

.0835 

54.81 

371.5 

121 

.5453 

-71.89 

276.2 

45 

.0864 

62.86 

379.1 

122 

.5463 

-71.88 

277.2 

46 

.0911 

70.14 

387.1 

123 

.5475 

-71.85 

278.4 

47 

.0974 

76.25 

395.5 

124 

.5489 

-71.80 

279.9 

48 

.1049 

81.42 

.404.2 

125 

.5506 

-71.74 

281.7 

49 

.1133 

85.74 

413.3 

126 

.5525 

-71.67 

283.7 

50 

.1222 

89.27 

422.4 

127 

. 5546 

-71.58 

286.0 





128 

.5570 

-71.48 

288.6 





129 

.5595 

-71.37 

291.3 





130 

.5623 

-71.25 

294.3 





131 

.5653 

-71.12 

297.6 





132 

.5684 

-70.97 

301.0 





133 

.5718 

-70.81 

304.7 





134 

.5754 

-70.64 

308.7 





135 

.5791 

-70.46 

312.8 





136 

.5830 

-70.27 

317.1 





137 

.5870 

-70.08 

321.5 





138 

.5912 

-69.88 

326.1 





139 

.5956 

-69.67 

331.0 





140 

.6002 

-69.45 

336.1 



The tables are in two parts corresponding to transfer times in the neighbor- 
hood of both the "fast” and "slow” optimum transfers, i.e., flight times of 
from 25 to 50 days and from 102 to 130 days. The data for V and 6 are stored 
internally in the program for generating the zero iterate value. Tables 2.1 
and 2.2 display these data; in addition the value of the required AV to ren- 
dezvous with the lib ration point is tabulated. 

2.2.2 Lambert Theorem and Solution 

If one of the first two options is not chosen or if a flight time outside 
the range of tables is specified, a zero iterate using the solution of Lambert’s 
Theorem is provided. This zero iterate is quite good for the short transfer 
times, but is of questionable value for longer transfer times. 

The method used is to assume that a good estimate for the per lapse vector 
is given by the vector 179 degrees from the Earth to libration point vector, 
of magnitude equal to the desired parking orbit radius and such as to give the 
proper motion — whether posigrade or retrograde. The geocentric conic between 
these two vectors with the desired flight time is then found by solving Lam- 
bert’s problem by the method of Battin (Reference 10). For a greater than 360 
degree transfer the solution to Lambert's problem is solved using the method 
of Lancaster-Blanchard (Reference 11) . 
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2 . 3 Impulsive Targeting 

The special characteristics of libration point missions make it advisable 
to use a somewhat unusual approach in the targeting of these missions* For 
Interplanetary missions the specification of a launch planet and date and an 
arrival planet and date essentially determines the heliocentric conic which in 
turn fixes the launch asymptote* A realistic launch phase can then be modeled 
using the fixed asymptote and the assumed launch parameters (launch site lati- 
tude, azimuth, and selection of either long or short coast time) to yield an 
accurate estimate of injection time of day and position and velocity (Reference 

3). 


For libration point missions there is no immediately-ava liable parameter 
which is analogous to the launch asymptote of the interplanetary missions in 
its ability to tie down the launch phase* This causes difficulty in determining 
a realistic initial guess for the trans-libration point injection state which 
has led to the development of a targeting algorithm which works backward in time. 
The libration point position R^p at the desired arrival time is easily computed* 
The conditions defining a reasonable near-earth conic are conveniently stated 
in terms of the perigee radius (equal to the desired parking orbit radius), the 
geocentric equatorial inclination (which should equal the launch site latitude 
to be consistent with a launch azimuth of 90 deg and a coplanar launch and in- 
jection) and a time at closest approach (consistent with the desired arrival 
time and flight time) * These parameters denoted r CA> icA* t C A define three ter- 
minal conditions. Thus the system of six differential equations (2.1) correspond- 
ing to ballistic flight 


R = V 
* " A C + 


( 2 . 22 ) 


in conjunction with the six boundary value conditions 


R ( t L ) " R LP 
r (tCA) " r CA 
i ( t CA^ = i CA 
r ^ t CA^ “ 0 


(2.23) 


(where upper case symbols denote vectors; lower case, scalars) 
defines a consistent two-point boundary value problem* 


The inclusion of inclination as a target parameter is a natural choice but 
introduces some ambiguity which must be eliminated* For a given value of in- 
clination such that 0 i 90 deg, there are four possible near-earth trajec- 
tories that make an angle i with the geocentric equator. These solutions cor- 
respond to either posigrade or retrograde motion in either of two planes making 
an angle i with respect to the equator (see Figure 2.1). The two planes A and 
B both make an angle i with the equator. The two planes may be distinguished 
by the argument of perigee o> however; one will have 0 <_ | oj j 90 deg while the 
other will have 90 l M 180 deg. Therefore to allow either solution to be 

targeted the program permits posigrade inclinations to be specified as i^ => i, 
0 i <_ 90 deg and retrograde solutions as i^ = 180 - i, 0<_i<_90 deg. 
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Figure 2.2 Trajectory Options for Single Inclination 


NOMNAL then signs the inclination according to i^ = sgn (sin w) i^. 

In the impulsive case the term Aj is missing from (2.1). In this case the 
problem becomes the determination of the velocity at the libration point such 
that when the system (2.22) is integrated backwards in time from the initial 
conditions at the libration point (R LP , the state at time t CA satisfies the 

last three conditions of (2.23). The t CA initially determined may not be con- 
sistent with a realistic launch and injection. If that is the case the incor- 
rect time is replaced by the nearest realistic Injection time t^ A and the ar- 
rival time t^ at the libration point is adjusted by the same amount to hold the 
flight time constant. One iteration of the backward targeting is generally suf- 
ficient to produce a time-adjusted solution which is now consistent with a real- 
istic launch (see Section 2.5). 


The actual targeting of the trajectory employs a standard Newton-Raphson 
iteration. The iteration is started with the zero iterate or initial guess 
generated by one of the methods described in Section 2.2. The iterative scheme 
then proceeds as follows. Let the initial guess of the velocity at the libra- 
tion point be denoted Vq. Then the equations of motion (2.22) are integrated 
backward in time from tne state (Rlp» Vq) to the fixed time t^ A which may or may 
not actually be the time at closest approach. The state at this time (R^» Vg) 
is then used to compute the near-earth conic and the actual (or achieved) values 
of the target parameters are evaluated: 


A 


- 

r CA 


a (1 - e) 

A 



^A 

= ■ 

sgn (sin w) i 

A 


V 

_5ca„ 


L c ca + V 7 M J 


(2.24) 


The errors in the actual values of the target parameters relative to the desired 
values are then computed 
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£ = 


(2.25) 


” D A 

r CA ~ r CA 

D A 

^•CA " i CA 

D A 

5CA " t CA. 

If each component of e is less than the user-specified tolerance the process is 
terminated. Otherwise a new estimate V p of the velocity at the libration point 
is computed. The integration of the current iterate simultaneously produces 
the state transition matrix $ (tg } t^) (see Section 2.1). The state transition 
matrix has the property that linear variations at the libration point map into 
variations at the earth according to 


6 *E = *EL 6 *L (2.26) 

Now the target parameters x are functions of the state at the earth. The sensi- 
tivity of changes in the targets to changes in state may be computed efficiently 
by numerical differentiation since no trajectory propagation is involved. The 
matrix n E thereby computed then satisfies 

6t e = n E Sx E (2.27) 

where n E is the (3x6) matrix defined by 


= 8 (B-CA^CA^Ca) 

E a(r x ,r y ,r z ,v x> v y ,v z ) 

Combining (2.26) and (2.27) yields in partition form 



(2.28) 


(2.29) 


Substituting the desired change in target parameters e for <5xg and the condition 
that - 0 yields the equation 


e - C^E *2 + n E S \ 


(2.30) 


The change to the velocity at the libration point is then given by 
SV L = re r * (n| $ 2 + n E $ 4 ' 1 


(2.31) 


This process is repeated until the errors in the actual target values (2,25) are 
less than the specified tolerance or a maximum allowable number of iterations 
has been made. If the maximum number of iterations is made without successful 
convergence the initial guess probably needs to be improved. 

The impulsive insertion AV then is given by 

AV - V Lp - V L (2.32) 


where V^ p is the velocity of the libration point and is the final targeted 
velocity of the spacecraft at the libration point. 
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2.4 Finite Thrust Targeting 

A very efficient algorithm has been developed for the targeting of li- 
bration point missions using finite thrust models for the insertion into halo 
orbit. The operation is essentially identical to the backward integration 
scheme described in the previous section for impulsive targeting. The main 
difference is in the new control vector = (a, 6, tg) of finite thrust direc- 
tion (a, 3) and duration tg instead of the three components of impulsive veloc- 
ity. 

The two point boundary problem is slightly altered from the impulsive case. 
The differential equations are now 

R = V 

v = Ac + a n + At (2.33) 

U - 0 

m » T/g I sp 

where the finite thrust acceleration At must be computed over the thrust arc. 
The parameters U T defining the finite thrust are assumed to be constants. The 
boundary conditions are 

R(t L ) = R lp 
V( t L ) - V LP 

r(t CA> = r CA (2.34) 

i ( t CA) = HlA 
r(t cA ) = 0 

m(t CA ) " “0 

where upper case symbols denote vectors ; lower case, scalars. 

The vectors R^p and V^p are the position and velocity vectors of the li- 
bration point relative to the central body at the desired time. The target 
conditions at the earth are identical to those for the impulsive targeting 
discussed in Section 2.3, The ten conditions (2.34) imposed on the system of 
ten differential equations (2.33) results in a consistent targeting problem. 

Our formulation determines the three controls Up to meet targets of r^, 
and t CA . 

The finite thrust model is defined by specification (by user input) of 
the thrust magnitude T, the thrust specific impulse Igp and the initial space- 
craft mass m Q . During the course of the targeting the program determines the 
thrust right ascension a, declination 8, and thrust duration tg, which com- 
prise the control vector Ut» 

The initial values for the control vector are determined from the im- 
pulsive approximation of the problem; that is, the impulsive targeting defined 
in the previous section is automatically performed before any finite burn 
targeting. Let the impulsive solution (2.32) be denoted AV. Then the initial 
values of the controls are 
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AV 


(2.35) 


a = arc tan (AVy/AV x ) 

8 = arc sin (AV,/ [ AV | ) 


m„ -m# 


H ~ 


where % ■ m e s 1 
I o 


L sp 


m 


The iteration process used for finite thrust targeting is formally iden- 
tical to the impulsive targeting algorithm using a Newton-Raphson iteration 
with backward integration. The only difference is in the computation of the 
targeting matrix T required for the new controls. 


The trajectory is schematically depicted in Figure 2.2, The natural 
trajectory begins with injection from earth at tg, a coasting arc until time 
tg when 



Figure 2.3 Finite Thrust Trajectory Schematic 

the finite thrust is initiated, and the thrusting arc from tg until tg when 
the desired conditions of the libration point are attained. For the targeting 
however the direction is reversed. Using the current controls the final space- 
craft mass mf at the time tg is computed. The equations of motion (2.33) are 
integrated backwards from time tg, state (Rgp, v lp) > and the current thrust 
direction (a, 8) through the thrusting arc to the predicted time tg, continu- 
ally increasing the mass until the ’'initial” spacecraft mass mg is obtained at 
tg. The ballistic trajectory is then propagated backwards in time to the tar- 
get time tg^(tg). The actual values of the target parameters are evaluated 
by the equations (2.24). The correction to the current value of the controls 
Up is then given by 

AU F = T e (2.36)‘ 

where the error e in the current targets is given by e = ^ 

The computation of the targeting matrix F proceeds along lines similar to 
that of the impulsive targeting. The control sensitivity matrix 0gg relating 
changes in state at time tg to changes in the controls a, 8 over the arc (tg, 
tg) is determined by the integration of the variational equations (performed 
by the Cowell propagator and discussed in Section 2.1) 

G = fG + g Q(t L ,t L ) = 0 (2.37) 

where the matrices f and g are defined in (2.13) and (2,15). Following this 
integration the first two columns of the control transition matrix are avail- 
able: _ i i 

9Xg i i 

0(t B» t L ) “ 57' ^T 1 

•- l l 


ax- 

it 




(2.38) 
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The definition of the third column immediately leads to its computation. If 
the duration of the burn is shortened by the infinitesimal amount Atg the 
state at tg (the nominal value) is changed by 


ARn = hkv Ati: 

** - j- u 

AVg — A^ Atg 


(2.39) 


and therefore from the definition of the derivative 


3Xg = 

lim 

AR B /At 

° c 

_o_ 

3 

3tg 

At 0 

_AVg/Atg_ 

_ a t _ 


Therefore the control transition matrix gg easily computed and 


(2.40) 


6Xg « 0 BL SU F (2.41) 

The variation in state elements at the time t c ^ (t E ) caused by state devi- 
ations at tg is given by 


6X e ~ *eb 6Xg 

Thus combining (2.41) and (2.42) we obtain 


(2.42) 


6X e - $Eg 0gg (2.43) 

and using the rig matrix defined in (2,28) we have 

5t E = hg $ EB 0 BL fiu F (2.44) 


Thus the targeting matrix is 

r = [he $eb q biJ - * (2.45) 

where the matrices $gg and ©gg are automatically computed by the Cowell propa- 
gator and the matrix he (requiring no integration) is computed by simple nu- 
merical differencing. The succeeding iteration then uses the control correc- 
tion AUg = T e and the ’process is repeated until convergence is obtained. 
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2.5 Launch Phase 


The targeting algorithms discussed in the previous two sections use 
backward integration to allow the generation of a transfer which is consis- 
tent with realistic launch constraints. The process by which these require- 
ments are factored into the transfer trajectory design is the subject of 
this section. 


The result of either the impulsive or the finite thrust targeting is 
a trajectory which when evaluated at closest approach to the earth satisfies 
input constraints of radius r equatorial inclination and time t c ^. 

This trajectory , when propagated forward for the desired flight time Atf, 
arrives at the selected libration point with the proper velocity after per- 
forming the targeted insertion maneuver (impulsive AV or finite thrust con- 
trols U'p) . The purpose of the launch phase analysis is twofold: 1) to cor- 
rect the initial time at closest approach to the earth (injection time) to 
be compatible with a realistic launch profile, and 2) to compute the launch 
profile (launch time of day, launch energy, coast time, etc.) corresponding 
to the targeted transfer. 


The first of these two objectives is caused by the initial user uncer- 
tainty as to the required injection time. The user inputs the desired in- 
jection time tcA anc * flight time Atf. The time at the libration point t L 
is then computed as - t c ^ * Atf. The libration point position ana 
velocity Vpjp are computed at that time and the backward targeting to the 
desired near-earth conditions is performed. 

However the injection time input by the user may be incompatible with 
a realistic launch profile and the geometry of the targeted near-earth conic. 
Thus it may be necessary to compute a corrected injection time tg^ - t + 
At c . If this is necessary the flight time is held constant at Atf and the 
arrival time is adjusted to t£ = tp + At c , The targeting cycle is reentered 
with the corrected times and one iteration generally produces a targeted 
transfer that is now compatible with launch requirements. 

The launch profile analysis will now be discussed in detail. The tar- 
geted state at closest approach (injection state) is given in equatorial 
coordinates as (R^, V CA^ * The un l t normal to the osculating transfer orbit 
plane at that point is then 



^CA x V CA 



(2.46) 


The inclination of the orbit plane i (= arc cos W z ) should equal the desired 
input value. The orbit plane inclination must equal or exceed the latitude 
of the launch site <f>^ to permit a coplanar parking orbit and transfer orbit 
as indicated in Figure 2.4a. 
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Parking 

Orbit 

Transfer 

Plane 


a. | sin i | >_ | sin <j> L | b. |sin i| < | sin <J> L I 

Figure 2.4 Transfer Plane/Parking Orbit Geometry 
In the case that | sin i| >_ |sin <J> L | the launch azimuth is defined by 


sin 2 7 


cos i 

COS <j> T 


(2.47) 


and the solution with 0 £ 90 degrees is selected. In this case the 

parking orbit normal is identical to that of the transfer plane given by 


(2.46). 


If | sin i| < | sin <)>,,( , the parking orbit and the transfer orbit cannot 
be coplanar (Figure 2.4b). In this case the parking orbit is defined to be 
in the plane having a launch azimuth of = 90 deg, containing the closest 
approach radius. vector Rca> an ^ nearest the transfer plane. (Note the al- 
ternate parking orbit plane in Figure 2.4b which also satisfies the first 
two of these requirements , ) The unit normal to the parking orbit plane is 
given by 


W p = 


r ca x v p 

IR xvl 
1 CA P 1 


(2.48) 


where is the velocity vector at the injection point in the parking orbit. 
Vp is given by 


-cos 

CD 

sin 

5 p 

cos 

Z P 

-sin 

9 p 

sin 

z p 

-sin 

6 P 

sin 

6 p 

cos 

E 

P 

+COS 

CD 

X3 

sin 

e p 


cos <5 p cos 


(2.49) 
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where (0,6) are the equatorial right ascension and declination of the 
periapsil poiition R£ A . For the specific parking orbit plane having 1^ = 
90 deg, including Rca> and nearest the transfer plane Ip must satisfy 

' COS 


sin Ip = 


cos 6 


(2.50) 


sgn(cos Ip) = sgn [V CA » Vp(0)] 

where 0 <_ 1^ 180 deg and where the equation (2.49) is used. 

Thus the unit normal to the parking orbit plane W may be computed by 
either (2.46) or (2.48) and the launch azimuth is either given by (2.47) or 
It - 90 deg. In either case the remaining calculations proceed as follows. 
Tne right ascension at launch d- s defined by 


cos 0^ = 


sin 0 T 


W x sin sin 1^ + W y cos 1^ 


W 2 - 1 

Z 

Wy sin sin E^ - W x cos E^ 


(2.51) 


W 2 - 1 
z 

The launch date input by the user is recalculated as the integer day (0* 1 UT) 
closest to the initial date input by the user. The Greenwich hour angle at 
0^ UT of the launch date is then 


GHA = 100J07554260 + 0?9856473460 T d 

2“9015 x 10“ 13 T d 2 


The launch time on the day of launch is 
(®L “ 0 L “ OKA) mod 2tt 

oj 


fc L 


(2.52) 


(2.53) 


where oj is the rotation rate of the launch planet and 

0^ is the longitude of the launch site, both being read in as input. 


The unit vector toward the launch position is the 

A 

R^ « (cos cos 0^, cos sin sin $ 1 ,) 

The true anomaly of the launch site is calculated as: 


(2.54) 


cos f L = R l • 


'CA 

sin f L = R l • V CA 

The angle between launch and injection is 
i^B = 2tr - f L 


(2.55) 


(2.56) 
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(2.57) 


The coast time t may now be computed 
t c “ “ ( *1 + *2 )] k 4> 

where ^ and 1^2 are the angles of the first and second burns and 

k $ is the inverse parking orbit coast rate s all of which are input. 

The time between launch and injection is therefore 

t B = t^ + t2 + t c (2.58) 

where t-^ and t 2 are the input time durations of the first and 
second bums. 

The injection time is then 

tj = t^ + tg (2.59) 

The first time through the injection date so calculated is compared to 
the desired value of closest approach tg^* The difference At = tj - tg^ is 
then added to the time at the libration point and the target time at closest 
approach is set equal to tj. One iteration of the targeting generally results 
in a totally consistent trajectory. 


2-18 



3. 


ERRAN NAVIGATION ANALYSIS 


3, 1 General Description of ERRAN 

The error analysis program ERRAN is a preflight mission analysis tool 
and is concerned primarily with the propagation of covariance matrices 
along selected trajectories. All random variables are assumed to have 
gaussian distributions* and linear theory is assumed for propagation of 
all covariance matrices. 

There are four main quantitative results that come from the error 
analysis program* all of which are very important for trajectory design 
during preflight mission analysis. The first output is the orbit deter- 
mination or navigation uncertainty at selected trajectory times. The 
processed (knowledge) covariance matrix of orbit determination uncertainty 
gives a probabilistic answer* for a specific reference trajectory* to the 
question "how well will the actual trajectory be known after optimal pro- 
cessing of the tracking information?" The error analysis program can be 
used to study the effects of dynamic model errors, sensor errors* and 
measurement schedules and types on the orbit determination process. Tills 
chapter addresses the navigation analyses of ERRAN. 

A second result obtained from* the error analysis program is equally 
important. Orbit determination uncertainties, although they are signifi- 
cant, do not by themselves answer all the pertinent questions related to 
mission success. Another question that must be answered is* "how close 
will the actual trajectory come to meeting the specified target conditions?" 
Because of injection errors and dynamic model errors the actual trajectory 
will depart from the original targeted nominal trajectory. The statistical 
measure of such dispersion is represented by the control covariance matrix 
which, unlike the knowledge covariance discussed above* is unaffected by 
the processing of tracking information. The propagation of this control 
covariance forward to the target will provide us with probabilistic infor- 
mation relating to target miss in the absence of midcourse guidance correc- 
tions, However* a midcourse guidance correction can be performed to 
reduce the actual trajectory dispersion about the target. Propagation of 
the sum of the knowledge covariance and the guidance execution error 
covariance forward from the midcourse correction time to the target will 
provide us with probabilistic information relating to target miss follow- 
ing a midcourse guidance correction. This maneuver- related data is 
highlighted in Chapter 4. 

The third main result from the error analysis program is concerned 
with the probabilistic determination of likely fuel budgets required for 
the mission. Without performing any estimation, the different probability 
levels of the midcourse correction magnitudes can be computed along with 
means and variances. This computation permits the mission analyst to 
calculate reasonable fuel loading requirements that are critical in the 
design of an actual system. This topic is also discussed in Chapter 4, 
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The fourth critical capability of the error analysis program is in 
generalized covariance analysis. This allows the mission analyst to de- 
termine how the navigation and guidance algorithms will perform in the 
presence of unmodeled or erroneously-modeled dynamic and measurement 
parameters. The discussion of generalized covariance is deferred to 
Chapter 5. 

In the navigational analysis of ERRAN, two matrix quantities are 
carried along for analysis. One is the nominal or reference state vector, 
which is needed for many computations, and the second is the covariance 
matrix of navigation uncertainties associated with the state vector. The 
state vector is comprised of spacecraft position and velocity plus any 
augmentation parameters included in the analysis. The covariance matrix 
is a square, symmetric, positive definite matrix of associated uncertain- 
ties whose dimension corresponds to that of the state vector. 

The computational operation of the error analysis program may be 
separated into two distinct calculation procedures. The first of these is 
called the basic cycle and refers to the process of propagating uncertain- 
ties from one measurement to the next. A Kalman recursive filtering al- 
gorithm with a consider option is used to process the measurement and compute 
the state vector associated covariance matrix that begins the next step in 
the basic cycle. Events refer to computations in the error analysis that 
are not simply propagations of the navigation uncertainty covariance matrix 
from one measurement to the next and subsequent optimal filtering of the 
new measurement. In the error analysis program, four kinds of events are 
permitted. 

The four events allowed in the error analysis program are eigenvector 
events, prediction events, guidance events, and final insertion events. At 
an eigenvector event, the position and velocity covariance matrix partitions 
are diagonalized to reveal geometric information about the size and orienta- 
tion of the position and velocity navigation uncertainties. At a prediction 
event, the most recent covariance matrix is propagated forward to some criti- 
cal trajectory time, usually a guidance correction time, to determine pre- 
dicted orbit determination uncertainties in the absence of further measure- 
ments. When a guidance event occurs, a rather lengthy computational process 
determines the likely magnitude of the guidance correction together with 
execution error statistics based on an underlying physical model for the 
correction process. The final insertion event computes the execution errors 
associated with the final impulsive or finite burn and adds them to the co- 
variances . 

The next section of this chapter details the Kalman recursive estima- 
tion algorithm that is assumed to be the underlying orbit determination 
procedure. Section 3.3 discusses dynamic and measurement noise covariance 
matrices. Section 3.4 treats the methods used in the error analysis pro- 
gram for computing state transition matrices. Section 3.5 presents the 
equations required for the computation of observation matrices for each 
type of measurement. Finally, Section 3.6 discusses eigenvector and pre- 
diction events. The guidance and insertion events are discussed in Chapter 
4 and the generalized covariance analysis is summarized in Chapter 5. 
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3.2 Recursive Estimation Algorithm 

The recursive estimation algorithm refers to the computational 
procedure which combines dynamic model and measurement information to 
generate estimates of spacecraft position and velocity deviations from 
the nominal trajectory, estimates of certain dynamic and measurement 
parameters, and the knowledge covariances associated with these estimates. 
The error analysis program treats the estimation process in an ensemble 
sense. Only the knowledge covariances are generated in ERRAN, and not the 
estimates themselves. The Kalman recursive estimation algorithm with a 
consider option is modeled in the STEAP programs. But before presenting 
this estimation algorithm, the linear dynamic and observation models will 
be described. 

The linearized system is assumed to be described by the augmented 
state vector 


A 

x = 



(3,1) 


where 

x “ spacecraft position/velocity state (dimension 6) 

x s = solve-for parameter state (dimension n^) 

u = dynamic consider parameter state (dimension n 2 ) 

(included only for generality since none are available in STEAP -L) 

v = measurement consider parameter state (dimension n^) 

All the above state vectors represent deviations from nominal state vectors 
and all parameters are assumed to be constant. The distinction between 
solve- for and consider parameters will be clarified subsequently. 

The linearized dynamic model is assumed to have form 


\+l ^lc+l’ t k^ x k +0 xx (t k+r t k )x s, + 

s k 

®xu (t k+l’ t k ) u k + q k 


where 


$(t k+l’ V* 0 xx (t k+l’ V’ and 0 xu (t k+l’ t k ) 

s 


(3.2) 
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are state transition matrices over the time interval [ t^, t^_^ ] relating 
changes in x, x , and u, respectively, at time t^ to changes in x at 
time t^^. The variable represents the effect of dynamic noise over 
the interval. 

The linearized observation model is assumed to have form 

y k ■ Vk + Vs„ + °k u k + Vk + \ a 3) 

k 

where observation matrices H^> 

u, and v, respectively, to changes in the observable y. All observation 
matrices are evaluated at the nominal condition. The variable repre- 
sents measurement noise. 

Under the usual assumption of white noise, the dynamic and measurement 
noise statistics are describe by 

E [<^1 - E[n k J - 0 

E [ Vj T 1 * ^ *Jk ' 

E [ Vj 1 * \ S jk 

An estimation algorithm with no consider option treats all assumed 
dynamic and measurement parameters as "solve- for 11 parameters, i. e, , the 
estimation algorithm generates estimates of the parameters, as well as 
estimates of the spacecraft position and velocity. Continued processing 
of measurements will often reduce knowledge covariances to unrealistically 
low values, a situation which can induce divergence in the estimation 
algorithm* Divergence is said to occur when the actual estimation error 
grows without bound* One method used to prevent divergence is to incor- 
porate a consider option into the algorithm and divide all assumed para- 
meter into either solve- for or consider parameters* Consider parameters 
are not estimated by the algorithm, nor can their knowledge covariances 
be reduced by measurement processing. In essence, by not solving for all 
parameters in the assumed parameter set the algorithm acknowledges the 
fact that its assumed set of dynamic and measurement parameters do not 
fully describe the real world, and that it is impossible to reduce para- 
meter uncertainties indefinitely* 

The knowledge covariance for the augmented state is defined as 

= E [ (i A - x A ) (X A - x A ) T ] (3.4) 


G^, and relate changes in x, x^, 
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where x indicates estimated values and x indicates actual values. In- 
troducing equation (3.1) into equation (3.4) and expanding the result 
permits us to write the covariance matrix in the following partitioned 
form: 


r 



c 

xu k 


C 

XU t 

k 



x u 
s k 


x V. 
s k 


(3,5) 



x u 
s s 


U 

o 


C 

UV k 


XV T 


Vk 



V 

o 


J 


Covariance matrix partitions P, P g , U^, and are all symmetric and 

represent the covariance of the spacecraft position/velocity state, 
solve- for parameters, dynamic consider parameters, and measurement 
consider parameters, respectively. The off-diagonal covariance matrix 
partitions represent the correlations between the two variables indicated 
by the subscripts. Thus, C represents the correlation between solve- 

s 

for parameters and dynamic consider parameters. 

The assumptions implicit in the consider option require that co- 

variances U and V remain constant with time. Estimates u and v are 
o o 

always zero. Although the consider option does not require it, it is 
realistic to assume no correlation between dynamic consider parameters 
and measurement consider parameters exists, so that C is always zero. 

The covariance equations involved in the estimation algorithm are of 
two types: prediction equations and filtering equations. The prediction 

equations describe the behavior of the covariance matrix partitions as they 
are propagated forward in time with no measurement processing. The filtering 
equations define the covariance updating procedure whenever a measurement 
is processed. 
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The prediction equations are summarized below: 

T T 

. T + + T 

p = ($p, + 0 C + 0 C ) $ 

k+1 k xx xx xu xu. 

s s, k 


+ C 0 + C 0 + Q. 

XX XX XU, . , XU K 

s k+l 8 k+1 


z = $C + +0 P + + 0 C + 

XX XX XX S, XU X u 

s k+l s k s k s k 


= p 


b k+l 


xu, 


k+1 


= $C + +0 C + + 0 U 

XU^ XX s X XU 0 


X u 
s 


= c 


k+1 


X U 
S , 


XV. 


k+1 


= $c + +© c + 

XV, XX X V 

k s s . 


X V ■ 

s k+1 


= c 


X V 
S , 


(3.6) 

(3.7) 

(3.8) 

(3.9) 

(3. 10) 

(3.11) 

(3. 12) 


A minus superscript on covariance partitions indicates the covariance 
partition immediately prior to processing a measurement; a plus super- 
script, immediately after processing a measurement. 

The filtering equations involve equations for the measurement 
residual covariance matrix J, Kalman gain matrices K and S, and covariance 
updating. The measurement residual covariance matrix is given by 


where 


J k+1 H k+1 \+l + \+l \+l + G k+1 °k+l + \+l \+l + ^+1 (3. 13) 

- p k + i Ci + <£* Ci + C, Ci + v, Ci 

s, , , k+1 k+1 
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\+l = P S. 


k+1 


Vl + c 'xx "k+l 


+ C G ’- +C xv ^+1 


3 k+l 


x u k+l 
S k+l 


k+l 


k+l 


\+l C xv, 


k+l 


"k+l + c 'x u 

T T 

\+l + U o G k+1 

k+l 

T 

T 

T 

^+1 + c ; v 

Vi + v „ \ + ! 


k+l 


The Kalman gain matrices for both position/velocity state and solve- 
for parameters are given by 


\+l \+l j k+l 

(3. 14) 

S k+1 = B k+1 J k+1 

(3.15) 

The covariance partitions immediately after processing 
given by 

a measurement 

P k+1 = P k+1 “ \+l \+l 

(3.16) 

c xx - c ; x - "k+i <+1 

s k+l S k+1 

(3.17) 

p + = P* - s b t 

s.,i s, k+l k+l 

k+l k+l 

(3. 18) 

+ T 

C * c - K D. . 

^k+l XU k+l k+l k+1 

(3. 19) 

C x u C X u ’ S k+1 D k+1 

S k+1 s k+1 

(3.20) 

-f «. x 

C xv k+ 1 ■ C *v k+1 - Vl Vl 

(3. 21) 

c + = c" - s e t 

x v x v k+1 k+1 

k+1 s k+1 

(3. 22) 
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It should be noted that the covariance matrices themselves are not 
printed out in STEAP. Rather, all variances appearing along the diagonal 
of the augmented covariance matrix defined by equation (3. 5) are con- 
verted to standard deviations and all off- diagonal covariances are 
converted to correlation coefficients. Thus, if covariance a,, is an 
element of the augmented covariance matrix, then the correlation coe- 
efficient is given by 


P 


ij 





» i 5* J 


1/2 

where standard deviations o and o . are given by cr = a j . and a, 

i J i ii j 



Following these transformations all standard deviations and correlation 
matrix partitions are then printed out. 

3. 3 Dynamic and Measurement Noise Covariance Matrices 

The problem of filter divergence has been mentioned in the previous 
section in connection with the consider option. The basic cause of 
divergence is modeling insufficiency and many separate categories of this 
insufficiency can be enumerated. The causes of the divergence proble 
and possible solutions to it are given in greater depth in the analytical 
discussion of the simulation program. The purpose of including a dynamic 
noise matrix Q in the error analysis program is to examine the effect of 
dynamic model insufficiency on the key outputs of the error analysis program. 
Some dynamic or unmodeled noise always corrupts an interplanetary trajectory; 
what is interesting, from the point of view of the error analysis program, 
is how the primary quantitative outputs are affected by various levels 
of dynamic noise. 

The dynamic noise model used in the error analysis program is 
somewhat arbitrary and its interpretation is difficult. Over any time 
interval At between measurements, the dynamic noise matrix Q is computed 
from three input constants that remain the same throughout a trajectory 
run. These three constant inputs K^, K^, and K^, whose units are knr/sec , 

roughly correspond to variances of assumed unmodeled accelerations. The 
dynamic noise matrix Q added over any interval At is diagonal. Specifically, 
if At is the interval between measurements, the six nonzero terms of Q are 
given by 


= ^KjAt 1 *’ 

Q 22 = ^At* 

^33 " 

Q 44 = 

Q 55 = 

^66 ” 


%K 3 At 4 

KjAt 2 


K 2 At 2 

KgAt 2 


(3.23) 
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Some explanation of this form for the dynamic noise is necessary. 

It was decided early in the design of the program that the physical inter- 
pretation of arbitrary dynamic noise must be made possible by relating 
the Q matrix, in some fashion, to unmodeled accelerations. Similarly, it 
appeared that the magnitude of the dynamic noise should be a function of 
the specific time interval over x^hich it was added; in other words, the 
dynamic noise added when two days were between measurements should be 
greater than that added when only two hours separated the two measurements. 

The first attempt to satisfy these two constraints resulted in the 
assumption that the unmodeled accelerations could be represented as biases 
with zero mean and variances K^, K^, K^. Consider, for example, a vector 

random variable (<5X, 6Y, 5Z)'*' 

2 „ 2 „ 2 „ 

a - K„ a = K„ a = K„ 

~ 1 •• 2 "3 

6X <5Y 6Z 

and correlation coefficients set equal to zero. If these accelerations 
represent biases, then over any interval At they are related to position 
and velocity uncertainties through 

SX = <$X (At); 6X = J (SX) (At) 2 

and similarly for the other components. Under this model for the dynamic 
noise, the Q matrix would be the same as that given in equation (3.23) 
except for. the completely correlated off-diagonal terms resulting in 

Q u > j K l4 t 3 . Q 25 . i K 2 At 3 , Q 36 - \ K 3 At 3 

Clearly, if the unmodeled accelerations are indeed biases, the SX and 
6X uncertainties due strictly to the dynamic noise must be completely 
correlated. 

This initial model for the dynamic noise was unsatisfactory for two 
reasons. First, the resulting error analysis was forced to assume that 
the unmodeled acceleration was a constant bias throughout the trajectory 
as well as over each interval* The physics of the problem suggests 
that unmodeled accelerations are probably constant biases over short 
periods, but over an entire trajectory they probably vary considerably. 
Secondly, if the values for K. are large enough for the dynamic noise to 

significantly affect the processed covariance matrices, their total 
correlation induces an unrealistically high correlation between the same 
terms in the resulting uncertainty matrices. 

A more careful modeling of the stochastic process was discarded 
due to the arbitrary nature of the Q matrix. The dynamic noise matrix 
was chosen as in equation (3.23) because uncoupling the position and 
velocity uncertainties due to unmodeled accelerations retained a physical 


3-9 



feel for the meaning of Q and permitted its computation to be viewed as 
a combination of random and bias error in the unmodeled accelerations. 

The measurement noise covariance matrix R requires little comment. 

We simply assume the measurement noise for each measurement type has 
constant statistics, and hence constant covariance matrix R, for a given 
mission. 

3.4 State Transition Matrices 

State transition matrices describe the dynamic behavior of linear 
systems. The derivation of the general form of the linear system modeled 
in STEAP will be summarized here. The computation of the state transition 
matrices is performed by the Cowell propagator and was discussed in 
Section 2. 1. 

The nonlinear equations describing the motion of the spacecraft 
have form 


X = f(X, W, t) (3.24) 

where X denotes the spacecraft position/velocity state and W is a vector 
of dynamic parameters which define the dynamic model. The linearized 
version of equation (3.24) is given by 


x 


_9f _3f 

8X X + 3W 


(3.25) 


where X and W represent linear deviations from nominal states X and W, 

3 f 3 £ 

respectively. Partial derivative matrices and — are evaluated along 
the nominal state. 


The discrete solution of equation (3. 25) over the time interval 
[t k , t k+1 ] is given by 


-k+i ■ t(t k+i, c k> \ * 6(t k+1 > V \ (3 - 26) 

where state transition matrices t^) and 0(t k+ ^, c k ) are required 

to define the solution. In STEAP the parameter deviation vector w is 
assumed to be constant. By dividing parameters into solve- for and consider 

parameters, we could expand equation (3,26) into equation (3.2). 

In the current version of STEAP, all state transition matrices required 
by ERRAN are computed from a file created by the Cowell propagator during 
the NOMNAL run. This permits a very efficient operation of the ERRAN program. 
The generation of retrieval of this data was discussed in Section 2. 1. 
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3.5 Observation Matrices 

Observation matrices relate deviations in spacecraft position/ 
velocity state and deviations in dynamic and measurement parameters 
from nominal values. Before discussing the observation or measurement 
types available in STEAP and the technique used to construct observation 
matrices, the derivation of the linearized observation equation will 
be summarized. 

The general nonlinear observation equation has form 


Y = f(x; W, t) (3.27) 

where Y denotes the observable, X denotes the spacecraft position/ 
velocity state, and W is a vector of dynamic and measurement parameters. 
The linearized version of equation (3.27) is given by 


3f ^ 3f 

y = x + aw w 

where y, x, and w represent deviations from nominal Y, X, and W, 
respectively, and partial derivative matrices 


3 f 
3X 


and ^ are evaluated at the nominal condition. 


(3. 28) 


If we partition the parameter vector w into a solve- for parameter 
vector x^, a dynamic consider parameter vector u, and a measurement 

consider vector v, then equation (3.28) can be written as 


y = Hx + Mx^ + Gu *+* Lv (3.29) 

g f if 

where we have defined H = and partitioned into three sub-matrices 

M, G, and L. Adding measurement noise to this equation, we would obtain 
equation (3.3) 


Earth- based range and range- rate measurements are avail abe in STEAP: 
Earth-based range and range- rate measurements can be taken from 4 tracking 
stations, one of which is an idealized station located at the center of 
the earth, while the remaining three can be positioned at arbitrary locations 
on the surface of the earth* The relevant geometry for such measurements 
is depicted in Figure 3. 1 The X, Y, Z coordinate system represents the 
inertial ecliptic coordinate system. The x, y, z coordinate system re- 
presents the geocentric equatorial coordinate system. Axis x is always 
aligned with axis X. The rotation of this coordinate system relative to 
X, Y, Z system is defined by e, the obliquity of the ecliptic. The states 
of the spacecraft and the Earth relative to inertial space are given by 
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Figure 3.1 Earth-based Tracking 

Xg/£ and Xg, respectively. The tracking station state relative to the center 

of the Earth is denoted by X . The geographical location of the station 

is defined by radius R = |x | , latitude 0, and longitude (Ju Longitude 

o 

is measured positive east from the Greenwich meridian. The hour angle of 
Greenwich is denoted by GHA. Finally, the position of the spacecraft 
relative to the tracking station is given by the vector p. The scalar 
observables are range, also denoted by p, and range-rate p. Also available is 
a simple optical model including star-Earth angle measurements and apparent 
Earth diameter. 

The nonlinear observation equations for all measurement types are 
summarized in the subroutine TEAKS analysis section. Also presented there 
are expressions for the partial derivatives required to construct the 
observation matrix partitions H, M, G, and L. 
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3.6 Eigenvector and Prediction Events 


At an eigenvector event we simply transform the knowledge or navi- 
gation uncertainty covariance matrix P into useful geometrical information, 
which includes eigenvalues, eigenvectors, and hyperellipsoids. Define 

at the time of the last processed measurement before the eigenvector 
event and let and be, respectively, the nominal trajectory and the 

orbit determination uncertainty covariance matrix after processing the 
measurement at t^« If tj is the time of the eigenvector event, then Xj , 

the nominal state vector at t j , is computed from the trajectory file reader 
subroutine. The navigation uncertainty covariance matrix at tj defined by 
Pj is given by equation (3.6) with subscript k+1 replaced by j. All state 

transition matrix partitions are understood to be defined over the time 
interval [t^, t j ] . 

The eigenvalues and eigenvectors could be obtained for the 6 x 6 Pj 

matrix, but their geometrical interpretation is difficult. If, instead, 
we operate on the 3x3 position and velocity partitions of Pj we can ob- 
tain geometrical information which is both useful and readily interpreted. 

Let P R and P v denote the position and velocity partitions, respectively, 
of covariance P y Then at an eigenvector event these partitions are diagonal- 
ized to produce position and velocity eigenvalues and eigenvectors. The 
principal axis associated with the minimum eigenvalue defines the direction 
of minimum uncertainty; the axis associated with the maximum eigenvalue de- 
fines the direction of maximum uncertainty. The method employed is described 
in more detail in the subroutine JAC0BI analysis section. 

At a prediction event at time t j , the nominal trajectory Xj and asso- 
ciated knowledge covariance Pj are first computed just as at an eigenvector 
event. Nov; define tp as the time to which the prediction is being made. 

Then the knowledge covariance at tp, assuming no measurements over the time 
interval [tj,tp], can be computed using equation (3.6) with - tj and 

c k+l = 

Within the prediction event algorithm of the error analysis program 
the resulting covariance matrix Pp at the prediction time is also diagonal- 
ized to produce eigenvector and eigenvalue information. Thus, by superim- 
posing this geometrical information about Pp for different prediction event 

times t j , one can observe the effect of additional tracking on predicted 
navigation uncertainties. 
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4. ERRAN MANEUVER ANALYSIS 


4.1 Introduction 

Of the many types of events available in the STEAP programs, maneuvers 
are the most complex. The purpose of Chapter 4 is to provide a comprehensive 
and unified discussion of the analytical basis for all types of guidance 
events modeled in ERRAN. 

Guidance events yield much useful information for preflight mission 
analysis. Using ERRAN we can evaluate, in a statistical sense, the efficacy 
of the guidance process in achieving desired target conditions. Equally im- 
portant is the determination of the statistical AV requirements for the 
mission. The coupling of the guidance and navigation processes has been 
carefully modeled in ERRAN. 

At a midcourse guidance event the user can choose from two midcourse guid- 
ance policies: f ixed-time-of-arrival (FT A) and variable-time-of-arrival (VTA). 
Midcourse corrections are modeled as impulsive velocity corrections. An inser- 
tion maneuver model is provided for the insertion into the halo orbit about the 
libration point. Either impulsive or finite thrust models are available for 
the error analysis of this maneuver. 

In the following section the concept of control covariance will be 
presented, and all features of the guidance event which are independent 
of the specific guidance policy will be discussed. Section 4.3 treats the 
execution error model employed for impulsive AVs. Section 4.4 treats linear 
midcourse guidance. The insertion maneuver analysis is discussed in Section 

4.5. 


4.2 General Analysis 

Most variables used in the general analysis have been defined previously. 
We shall assume an arbitrary guidance event is to be executed at guidance 
event time t^. In the following analysis the notation ( ), will be used to 
indicate thevalues of variables immediately prior to the execution of the 
event; ( )"•", immediately after. Although denoted simply by P earlier, the 
knowledge covariance will now be denoted by Pj^ to distinguish it from the 
control covariance P . Only the spacecraft position/velocity knowledge and 
control covariance partitions are required for guidance analysis, although 
the entire set of covariance prediction equations given in Section 3.2 are 
used whenever covariances matrices are to be propagated over some interval 
of time. 

Before proceeding with the general analysis of a guidance event, it is 
necessary to digress briefly to discuss the control covariance P c and how it 
differs from knowledge covariance Pjj. Recall that the knowledge covariance 
represents the statistical dispersions of the estimation errors about the 
spacecraft state estimate and is defined as 

P K = E [Se 6e T ] (4.1) 
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where estimation error fie is defined as 

6e = fix - <SX (4.2) 

Here fiX and 6X denote the estimated and actual deviations, respectively, 
from the most recent nominal trajectory. Processing of measurements nor- 
mally reduces the knowledge covariance, which, in geometrical terms, corres- 
ponds to a contraction of the knowledge covariance hyperellipsoid. The 
•control covariance represents the statistical dispersions of the actual 
trajectory about the targeted nominal trajectory and is defined as 

* 

P c = E [fix fixT] (4.3) 

where 5X denotes the actual deviation from the targeted nominal trajectory. 

The time behavior of the control covariance depends solely on modeled space- 
craft dynamics and is in no way (except at a guidance event) influenced by 
measurement processing. Control covariances, like knowledge covariances, 
are propagated across an interval of time using the covariance prediction 
equations given in Section 3.2. However, the covariance filtering equations, 
which are also presented in Section 3.2, are never used to update control co- 
variances. Control covariances are used in EERAN to predict statistical tar- 
get miss dispersions. The control covariance is also important in the com- 
putation of statistical midcourse guidance corrections in EERAN. 

We return now to the discussion of a general guidance event. At each 
guidance event a commanded velocity correction AV, is computed. The nature 
of this computation is, of course, policy -dependent and will be treated in 
subsequent sections. In general, AV, will be a function of the desired tar- 
get conditions and the estimated spacecraft state. Since midcourse guidance 
corrections are treated in an ensemble sense in ERRAN, only the statistical 
"E [AVj ] ** can be computed. 

Due to execution errors the actual velocity correction will differ from 
the commanded correction. The actual velocity correction AVj is given by 

AVj - AVj + SAVj (4-4) 

where 6AV. is the execution error. The guidance process acknowledges the 
existence of an execution error by generating the assumed statistics of the 
execution error. The execution error is assumed to have zero mean and co- 
variance Qj, which is defined as 

Qj = E [fiAVj 5 AVj T ] (4*5) 

This matrix is generated using the execution error model described in 
Section 4.3. 

The covariance matrices associated with the spacecraft state are altered 
when a guidance event is executed. The remainder of this section develops all 
the equations required in this updating process for an impulsive velocity cor- 
rection. 
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At a guidance event our estimation error <$e is changed by the execution 
error . Thus 



where 


(4.6) 


6e.“ = 6X.~ - 6X (4.7) 
J J J 

The minus sign appears in equation (4.6) since, according to equation (4.4), 
6AV. is defined as the actual minus the estimate, while the estimation error 
6e is defined as the estimate minus the actual- The knowledge covariance 
immediately following the guidance correction is defined by 



[6 ej + 6e. +I ] 


(4.8) 


Substitution of equation (4-6) into equation (4.8) readily yields the re- 
quired knowledge covariance update equation: 



(4-9) 


The control covariance following the maneuver P c * is then set equal to this 
updated knowledge covariance, i.e. = P^ + . ^ 

Cj Kj 


4.3 Execution Error Model 


The computation of the execution error covariance matrix Q is based on 
an execution error model defined by four independent error sources. The 
first error source is called proportionality error and is in the direction 
of the velocity correction vector AV with magnitude determined by the pro- 
portionality factor k. A second error source, in the direction of AV but 
independent of its magnitude, is the resolution error s that corresponds 
to a thrust tailoff error from the engines. Two pointing errors defined in 
terms of angles 6a and 63 complete the error model. From this description 
of the error model, the equation for 6AV can be written as 


6AV = k AV + s 


AV 

W] 


+ 6AV . 

pointing 


(4.10) 


where is defined by two angular pointing errors. 


<Sa and 66. 


For purposes of unique specification, assume that 6a is a pointing error 
angle measured in a plane parallel to the ecliptic plane and along a vector 
orthogonal to the velocity correction vector AV. If 6AV^ is the velocity 
error due to the angular pointing error 6a and i, j, k form the unit triad 
in the ecliptic system, then for small angles 6a, 6AV^ is given by 


6AV^ = p6a 



(4.11) 


where AV^ and AVy are the X and Y ecliptic components of the velocity cor- 
ection vector AV and p is the magnitude of AV. Note that the velocity error 
6AVi resulting from 6a has components only in a plane parallel to the ecliptic. 
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The second pointing angle 63 defines a velocity error 6 AV 2 that is ortho- 
gonal to both 6 AV 1 and the velocity correction vector AV. Again for small 
angles 63 , the velocity error resulting from this pointing error, referenced 
to the ecliptic system, is given by 


AV X AV Z 63 


AVy AV Z op 


6av 9 = — rr i + _ 1 

(AV^ + A vh ' 1 (Av| + AV^ 


r l - <$e(AvJ + AV *)* 5 k (4.12) 


From these equations it is clear that the vector set AV, 6 AV^ and 6 AV Z 
satisfies the mutual orthogonality imposed by the model. The complete des- 
cription of the execution error vector 6 AV may then be written in ecliptic 
coordinates as 


6 AV 



pAV 6 ct + AV X AV Z 6 g" 

AV y + — i 

x u 


+ 



AV, 


AV v AV 7 63 - pAV v 6 a" 

+ t * j 

u 


+ 




k 


(4.13) 


where A V Xj ^ AVy, and AV Z are the ecliptic coordinates of the velocity correc- 
tion; i, j, k are unit vectors in the X, Y, and Z directions; p is the mag- 
nitude of AV; k, s, 6 a, 63 are the four independent error sources; and u is 
an intermediate variable defined by 


u = 



(4.14) 


The expression for the execution error covariance Qj is obtained by sub- 
stituting equation (4.13) into equation (4.5). The equations which result 
from this operation are summarized in the subroutine GQCOMP analysis and will 
not be presented here. However, these equations have form given by 


Qj - Qj (AV, Og, a^ a , a|p) (4.15) 

2 2 

where 0 ^ through are the assumed variances for the four error sources 
which define the error model. No cross-correlations appear in this equation 
since all the error sources are assumed to be independent. Since for a sta- 
tistical midcourse guidance maneuver, no commanded AV is available, ERRAN 
computes an effective velocity correction which is used. The derivation of 
this quantity is described at the end of the next section. 
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4.4 Linear Midcourse Guidance 


Linear impulsive midcourse guidance policies have form 

AV. = T. <5X.“ (4.16) 

J J J 

where AV. is the commanded velocity correction required to null out devia- 
tions frtJm the nominal target state, V . is the guidance matrix, and 6Xj is 
the estimated spacecraft deviation froiii the targeted nominal trajectory just 
prior to the guidance correction. 

Two midcourse guidance policies are modeled in ERRAN: fixed-time -of - 
arrival (FTA) and variable-time-of -arrival (VTA). The derivation of the Fj 
matrix for each policy will be summarized below. 

The variation matrix n -t relates deviations in spacecraft state at t. to 
target state deviations. It x is a vector which defines the target state, 
then 


6t - rij 6Xj (4.17) 

For FTA guidance the target state r is the nominal position vector at the 
target time tp. State deviations at t. are related to state deviations at 
tp by the equation 

6X F - ^(t F ,tj) 6Xj (4.18) 

where $(tp,t.) is the state transition matrix over the interval [t-,tp]. 

Thus, for FTA guidance the variation matrix is given by 


hj = [$! ! .0 2^ (4.19) 

where <f>^ and ^ denote the two upper 3x3 partitions of We wish to select 
a AVj such that <5 t = 0 in equation (4.17). Employing equation (4.19), this 
condition reduces to the equation 

o - [*! ! *2] 

which, when solved for AVj, yields 

AVj = I -1] «X. (4.20) 

and 

r FTA = ["^i 1 *i i -I I • (4.21) 


For VTA guidance the target state t will be defined by assuming again 
that all deviations are linear. Then when the nominal trajectory is at the 
nominal target time, only deviations from the nominal which are normal to 
the insertion velocity vector are corrected while any deviations along this 
vector are left uncorrected. This philosophy is exactly equivalent to the 
two variable B-plane (2VBP) targeting mode used in interpiane tary targeting. 
To determine the VTA target state, the state deviations at the nominal tar- 
get time must be rotated to a coordinate system whose 2-axis is along the 
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nominal insertion velocity vector. These are given by multiplying equation 
(4.18) by an appropriate rotation matrix R, thus the rotated state deviations 
5Xp are given by 


6X1 

* 


R6Xt? = R<{> (tu.tj 6X . 
r *•' J J 


( 4 . 22 ) 


The target vector, then is just the first two components of 6Xp, and the 
variation matrix for VTA is simply given by the upper 2x6 portion of the 
6x6 matrix product R<£ (tp, t..) . This 2x6 rt 4 matrix is partitioned into two 
2x3 matrices A and B as follows 


'J 


r>j - [A } B] (4.23) 

We wish now to select a AVI such that^x =0 in equation (4,17). Employing 
equation (4.23) and defining 6X. = [ 6R . , 6V. ] T , this condition reduces to the 
equation J J J 


A 6Rj + B(6V^ + AVj) = 0 (4.24) 

A 

This equation has no unique solution for AVj since the inverses of A and B do 
not exist. Non-uniqueness of AVj is to be expected since three components of 
AVj can be varied to satisfy the J two components of t. One degree of freedom 
remains and it will be used to minimize the magnitude of AV, , which is equiv- 
alent to minimizing AV.^ AV, . Using standard constrained minimization tech- 
niques, the solution for AVj is given by 

AVj ** ^VTA 6Xj (4.25) 

where . 

r VTA = t-BW)- 1 A j-B T (BB T )~ 1 B]. (4.26) 

This concludes the derivation of the guidance matrices for the two midcourse 
guidance policies modeled in ERRAN. 

A quantity- which is particularly useful in ERRAN since it provides the 
basis for the computation of statistical AVs is the velocity correction co- 
variance matrix S j , defined as follows: 

S, = E [AV. AV- 1 ] (4.27) 

J J J 

A useful expression for Sj will be developed below. The derivation follows 
Reference 2. 

Substitution of equation (4.16) into equation (4.27) yields 

Sj = Tj E [6Xj~ <5Xj" T ] Tj T (4.28) 

But according to equation (4.2) 

6X.“ = 6X.“ + 5e.~ (4.29) 

J J J 

Substituting equation (4.29) into equation (4.28) and expanding yields 
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(4.30) 


Sj = [fiX.. - <5X^1 + 5X..~ T ] 

+ E [«t 3 - + E [S #j - 6 6j - t ]) l/ 

Employing the definitions given by equations (4.1) and (4,3) the preceding 
equation reduces to 

Sj = I\ ^P c “ + E [<Se^“ 6Xj -T ] + E [fiX.." fie^" 1 ] + P K “^I\ T (4.31) 

Pre-mult ip lying the transpose of equation (4.29) by <5e and taking the 
expected value of the result yields 


E [fie..- fiXj- 1 ] - E [Se.~ fit-" 1 ] - P R 


(4.32) 


If we assume that the estimate 6X.” and the error in the 
orthogonal, as is the case if the J recursive estimation a 
then 


estimate fie “ are 
lgorithm is optimal 


9 


E fi£j" T ] = 0 (4.33) 

so that equation (4.32) reduces to 

E [fie." SX." T ] = -P (4.34) 

3 3 Kj 

If we substitute equation (4.34) into equation (4,31), we obtain the desired 
result : 


S, = r (P - - p -) r. T (4.35) 

3 ■’ c j K 3 j 

It was stated previously that ERRAN treats the midcourse guidance correc- 
tion in an ensemble sense. State estimates are not generated in ERRAN, so 
that equation (4*16) cannot be used to determine AV.. Instead, we compute a 
statistical or effective velocity correction in ERR^N. Simply taking the 
expected value of equation (4,16) does not yield useful information. The 
expected value of AVj is zero since E [<$Xj] is zero, which is a consequence 
of the fact that our recursive estimation algorithm is an unbiased estimator. 
However, if we define the effective velocity correction to be 

" E [4 V - < 4 - 3 « 

where 

P j = E [ j AVj [ ] (4.37) 

and a./ 1 a. | is a unit vector aligned with the most likely direction of the 
velocity correction, then information which is useful for fuel sizing studies 
can be obtained. This effective velocity correction is also used to evaluate 
the execution error covariance Qj in ERRAN. 

It remains to define expressions for magnitude and direction a.. lee 
and Boain (Reference 6) have developed an analytic technique for computing 
probablistic levels of AV required for a midcourse maneuver as a function only 
of the trace and eigenvalue ratios of the Sj matrix. This analytic method 
produces the AV requirement for any desired^ percentile level, replacing the 
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approximate method of Hoffman, and Young used in previous versions of STEAP 
(Reference 7) which found approximations of the values of p and the vari- 
ance a < Not only does the analytic method produce exact, rather than 

1 j| 


approximate, values for P .. and c . but also exact values for arbitrary per- 
centile levels (i.e., 90%, 99 %. 99.9%, 99.99%) without having to assume a 
Gaussian distribution for [Av^f and using P. and cr. to compute the percen- 
tile levels. Given the eigenvalues of the 5 j matrix expressed as ( 0 ^^ 202 ^ 
k^a^) where 1 ^ ^ > 0 the Lee-Boain method expresses the probability 

density function for the square of the velocity function (z = |Av| 2 ) as 


f ( z) = c £ r(^ 7 2 ~ w? e)m lFl t(nffl); 

m =0 ^ 


(4.38) 


where 


a = 


2a 


2 ’ 


2Jl 2 a 2 


2 2 * 
2 k z a 


-Yz 


2&kc7 /2i; 


and where T is the gamma function and 1 F 1 is the confluent hypergeometric 
function. This expression for f(z) can be reduced to Horn's confluent 
hypergeometric function in two variables, and further reduced for computer 
evaluation to an infinite series involving a triple Cauchy product. Although 
this exact method is amenable to computer evaluation and is far faster than 
Monte Carlo analysis, it can still represent a small but significant fraction 
of the total computation time (of the order perhaps, of one to ten per cent of 
the total time used for a typical ERRAN run) . By using the exact method to 
generate tables covering all possible eigenvalue ratios for several percen- 
tile levels (i.e., 90%, 99%, 99.9%, 99.99%), a simple two dimensional inter- 
polation scheme allows three to four significant figure accuracy to be main- 
tained. Thus the output of ERRAN at a guidance event will now include as 
before the mean and sigma of the AV distribution (although the values will 
now be exact) as well as the required AV-load at several pre-set probability 
levels. The computation cost for this process is negligible. 


The velocity correction covariance S. can also be used to determine the 
direction Oj. Let X^, X 2 , and X 3 be the eigenvalues of S j . It can be shown 
that, under the assumption that some correction takes place, the most likely 
direction for the midcourse maneuver, defined probabilistically, is the di- 
rection of the eigenvector associated with the maximum eigenvalue of Sj . 
Define aj as the eigenvector associated with the maximum eigenvalue. 

It should be stressed that the computation of the effective midcourse 
correction vector "E [AVj}" within ERRAN is only an artifice to permit a 
realistic, a priori computation of the execution error covariance Qj . The 
nominal trajectory returned to the basic cycle is not affected by the com- 
putation. However, the calculated information concerning likely magnitudes 
and directions for the maneuvers is critical for fuel sizing studies. 
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To determine the efficacy of the midcourse correction at time t ♦ in 
meeting specified target conditions, it is necessary to compute the target 
condition covariance matrix Wj , both before and after the correction. Co- 
variance Wj is defined by 

Wj - E [<5 t (4,39) 

where 6 t represents the actual target state deviation. Thus Wj represents 
the statistical dispersions of actual target state deviations about the nomi- 
nal target state * Substitution of equation (4,17) shows that 


* Oj E [6Xj 6Xj T ] t) j 


n j p Cj 


Thus, immediately prior to the midcourse correction 


h j' ■ "j ^ ^ 

while immediately after the correction 


W j + ' "j P a + 

^ _ "I- 

Recall that control covariance P_ is obtained by propagating P_ over the 

3 j-1 

time interval tj], where tj_^ is the time of the previous guidance 

event, using the standard covariance prediction equations in Section 3.2. 
Recall also that P c is equal to P K . Thus, the total target error can be 

j j 

divided into the target error due to the navigation error 

e naVj “ ~ r, j ^ e j • (4.42) 

and the target error due to the execution error 


C j n J 6AVj 


It will be helpful to summarize all the quantities computed at a mid- 
course guidance event in ERRAN, A summary is presented below: 

5 X j~» P K > P c.» W j 


t j; r jf M E [AVj]", Q 


t + ; t, P K + . P c + > W + 

3 j K c j 
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A. 5 Insertion Maneuver Analysis 


The analysis of the terminal insertion maneuver is similar in many ways 
to a normal guidance maneuver as discussed in the Section 4.4, however, there 
are several important differences. First, of course, is that the insertion 
maneuver may be either an impulsive or a finite burn. Second, since the 
time of insertion is in fact the final time, no guidance can be performed. 

All that is necessary is for execution errors associated with the insertion 
maneuver to be calculated (for either the impulsive or finite burn cases) 
and added to both the knowledge (P ) and control (P ) covariances. 

K F c f 

For the cape of an impulsive insertion maneuver the nominal AV is de- 
termined by simply differencing the velocity of the nominal trajectory at 
Tp with the desired velocity at the target point. The components of this 
Ay are then used in the execution error model as described in Section 4.3, 
with the exception that there is no need to generate an effective AV from 
the statistics since the actual AV is available. Once the execution error 
matrix Q has been calculated then the knowledge and control covariances 
after the insertion are computed as 





(4.44) 


P 



0-I-0-] 
0 l Q J 


(4.45) 


For the case of a finite burn insertion maneuver, the computation of the 
final knowledge and control are somewhat different. Dispersions at the final 
time for this case arise from two sources, namely the state dispersions at 
the start of the burn arc and the errors associated with the bum itself. 

The effects of both of these error sources are found by the use of the state 
transition matrices <j>F, B and 0 F,B over the arc from the initiation of the 
burn to the final time t p . The first of these is the 6x6 state to state 
transition matrix, relating deviations in the final state to deviations in 
the initial state. The second is the 6x3 control to state transition matrix, 
relating deviations in the final state to deviations in the control parame- 
ters. For the finite burn model used here, the three control parameters are 
the two angles (a.B) specifying the inertial direction of the bum and the 
thrust magnitude (*) o Both of the matrices g and 0p g are generated by 
NOMNAL and stored on the trajectory file. The final knowledge and control 
covariances are found as 



^F,B 


? K ^F.B + 0 
B ’ 


F,B 


U 



(4.46) 



^F,B 




'F,B 


U 



(4.47) 


Where Pj, and P c are the knowledge and control covariances at the start of 
B B 

2 2 2 

the burn and U is a diagonal 3x3 covariance with elements a a , ag and des- 
cribing the assumed statistics of the finite burn errors. It should be noted 
that equations (4,46) and (4.47) have presumed that no correlation can exist 
between the thrust control parameters and the state deviations at the start 
of the burn arc. 
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5. GENERALIZED COVARIANCE ANALYSIS 

5-1 Introduction 

The performance of navigation filters for orbit determination 
depends on how well the physical environment and ground-based or 
onboard measurement instrumentation can be modeled. The design 
of a navigation filter involves not only selection of an algorithm 
for processing measurements, but also specification of error models 
for all error sources thought to be important. The use of an er- 
ror analysis technique, such as the one described in Chapter 5, 
is not sufficient for determining actual filter performance in the 
presence of incorrectly modeled or unmodeled error sources. Al- 
though one could, of course, resort to a simulation technique such 
as SIMUL (Reference 3) to study filter performance, the operation 
of simulation programs is expensive and only a single sample of 
the navigation process can be generated on each run. A generalized 
covariance program, however, can provide much useful information 
relating to the design and performance of navigation filters, with 
a significant reduction in program operating costs. 

The generalized covariance technique described in this chapter 
is primarily concerned with the propagation and update (at a meas- 
urement) of both actual and assumed, i.e., filter-generated, es- 
timation error statistics along a nominal trajectory. The deviation 
of the generalized covariance equations assumes linearity and 
gaussian statistics. Actual error statistics, however, are not 
required to have zero means. The equations are written in recur- 
sive form and are fi Iter- in depen dent , i.e., filter gains are not 
assumed to have been generated by any specific type of navigation 
filter. 

The generalized covariance equations for the basic cycle 
(measurement processing) are derived in section 5.2. These equa- 
tions can be used to determine filter sensitivity to differences 
between assumed (by filter) and actual: 

1) Injection statistics; 

2) Measurement noise statistics — doppler, range 
measurements ; 

3) Dynamic parameter statistics — gravitational constants, 
target planet ephemerides; 

4) Measurement parameter statistics — instrument biases, 
station location errors; 

5) Dynamic noise statistics. 
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The differences between assumed and actual error statistics can 
involve differences in means, standard deviations, and correlation 
coefficients. Actual error statistics can also be defined for 
parameters whose uncertainty has been ignored in filter design. 

In section 5,3 the generalized covariance technique is ex- 
tended to the guidance process. The equations presented there 
permit one to determine the sensitivity of the guidance process 
to differences between assumed and actual execution error statis- 
tics, as well as to differences in the previously described er- 
ror statistics. Although execution errors are assumed to be un- 
correlated, they are permitted to have nonzero means. The gen- 
eralized covariance technique, as applied to the guidance process, 
primarily involves the computation of both assumed and actual 
target dispersions and velocity correction statistics. 

The notation employed in this chapter is very similar to the 
notation used in previous chapters, except for the following dif- 
ferences : 

1) Estimation errors are denoted by x, etc instead of 
by 6e, etc; 

2) Actual errors, deviations, means, covariances, etc 
are usually denoted by ( ) 1 . 

5.2 Generalized Covariance Propagation and Update 


5.2.1 The Basic Cycle 


The generalized covariance basic cycle consists of the propa- 
gation of both actual and assumed estimation error means and co- 
variances from the previous measurement time (or event) to the 
present measurement time, and the updating of each of these quan- 
tities after the measurement has been processed. The propagation 
and update of the assumed covariances was treated in Chapter 3 
(assumed estimation error means are zero). The equations required 
to propagate and update the actual estimation error means and 
covariances are derived in this section. These equations are 
filter-independent and are expressed in terras of arbitrary filter 
gain matrices. 

A 

The filter employs an augmented state vector x partitioned as 


x 


A 

x 



(5.1) 
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where x denotes assumed position/velocity deviations (from nominal) ; 
x g , assumed solve-for parameter deviations; u, assumed dynamic 

consider parameter deviations; and v, assumed measurement consider 
parameter deviations. The assumed dynamics are described by 


*k+l = $X k + 6 XX X S U + 9 XU \ + \+l 

s k 


( 5 . 2 ) 


where state transition matrix partitions 0 , and 0 are 

XX XU 

s 

defined over the time interval [t^> t^ + ^] , and ^ enotes 

contribution of assumed unmodeled accelerations over the same time 
interval. Parameter deviations are constant. The assumed meas- 
urement is given by 


y k+i ■ H *k+1 + Mx Sk+1 + G Vi + l Vi + Vi (5 - 3) 

where H, M, G, and L are observation matrix partitions evaluated 

at time t, , , , and v, t - denotes the assumed measurement noise. 
k+1 k+1 

A 

The actual augmented state vector x 1 is partitioned as 


( 5 . 4 ) 


where x 1 denotes actual position/velocity deviations; actual 

solve-for parameter deviations; u 1 , actual dynamic consider param- 
eter deviations; v 1 , actual measurement consider parameter devia- 
tions; and w f , actual dynamic and measurement ignore parameter 

deviations. The parameters x 1 , u’, and v T correspond to x , u, 

s s 

and v, respectively, but have different statistical representations. 
Ignore parameters w 1 are parameters whose statistical uncertainty 
is completely ignored by the filter, but not by the actual esti- 
mation error mean and covariance propagation process. (Parameters 
not treated by either the filter or the actual propagation process 
will be referred to as neglect parameters.) The actual dynamics 
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are described by 


*k+l ■ K + '’xx x s + B xu u k + 6 x» “k + “'k+1 (5 - 5) 

s k 

where w* , , denotes the contribution of actual unmodeled accele- 
k+1 

rations over the time interval [t. , t. _ ] . State transition ma- 

k k+1 

trix partition 0^ relates changes in ignore parameters to changes 

in x v . All parameter deviations are constant* The actual meas- 
urement is given by 

y k+l “ Hx k+1 + + Gu k+1 + Lv k+1 + Nw k+1 + Vl (5 * 6) 

k+1 

where v,* , . denotes the actual measurement noise at t , 
k+1 k+1 

The actual estimation errors are defined by 

*k+i = Vi ~ Vi 
= £ 


X* = X - X* 

S k+1 S k+1 s k+l 


Vl 

= Vl 

" Vl = " U o 

v. 1 

= ft 

- V,’ = -v’ 

k+1 

k+1 

k+1 o 

w 1 

= ft 

- w T = -w' 

k+1 

k+1 

k+1 o 

9), 

(5.10), 

and (5.11) h, 


(5.7) 

(5.8) 

(5.9) 

(5.10) 

(5.11) 


estimates u, v, and w are always zero. 

The estimates propagate over the time interval [t, , t, ] 
according to ^ k+1 


A ” aI A + 

Vl ‘ + 6 *x V 

s k 


( 5 . 12 ) 


and 


*> — a+ 

<. - x , 

s k+i \ 


(5.13) 
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where ( ) denotes values immediately before processing a meas- 
urement and ( ) + immediately after. Substitution of equations 
(5.5) and (5.12) into equation (5.7) yields the following equation 
for the propagation of the actual estimation error: 


\+l 

Similarly, 


- 1 = + 9 x +! - 6 u 1 - 9 w T - a)’ * (5.14) 

k xx s, xu o xw o k+1 x 


s k 


X » = x + ' 

s k+l s k 


(5.15) 


At measurement time £^+1 the estimates are updated using 
the equations 


A + 


\+i = Vi + ^+1 e i+i 


* s * s ^k+l £ k+l 

k+1 k+1 k+i k+i 


(5.16) 

(5.17) 


where and are the filter gain matrices (generated by an 

arbitrary filter). The actual measurement residual e' is defined 
as the difference between the actual and predicted measurements 


£ k+l ~ y k+l H \+l s 


- Mx 


k+1 


(5.18) 


Substitution of equation (5.6) into equation (5.18) yields 


'k+1 


= - H 


*k+l 


- Mx ’ + Gu* + Lv’ + Nw* + v* , 

s k+1 o o o k+1 • (5.19) 


The update equation for the actual estimation error is obtained 
by substituting equation (5.16) into equation (5.7). The resulting 
equation is 


\+l *k+l + K k+1 £ k+l 


(5.20) 
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Similarly, 


x 


• + ’ = x ' + S. , e’, , . 

5 k+i Vi k+1 k+1 


(5.21) 


The propagation and update equations for the means of the 
actual estimation errors and the actual measurement residuals can 
now be derived. The filter assumes zero means for all estimates 
and all error sources. Except for actual dynamic and measurement 
noises, this is not the case for the actual propagation and up- 
date process. Thus, 


E K + 1 ] 

II 

^k+l 1 

= -v 1 

0 


= -w’ 
o 

E[ “k+1 1 

= 0 

E[ ' ) k + 1 1 

= 0 


(5.22) 


No generality is lost by setting the mean of the actual measurement 
noise v* to zero, since a nonzero measurement mean can be absorbed 
into the mean of the actual measurement bias. The model for the 
actual dynamic noise w* will be assumed to have the same form as 
the model for the assumed dynamic noise described in section 3.3 so 
the mean of w* is also set to zero. 

Applying the expectation operator to equations (5.14) and (5.15) 
yields the following equations for the propagation of the means 
of the actual estimation errors: 

E T xT f 1 - • E fie” 1 1 + 8 • E[x +I ] - 0 u f - 0 w ! 

K+1 J J XX L S XU o xw o 

s k 

E[jf' ] = E[x + ’] . 

S k+1 S k 


(5.23) 

(5.24) 
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To initiate the propagation process described by the previous two 

equations requires initial values for the means of x* and x\ At 

initial time t we have 
o 

E[x' ] = E[x ] - E[x' ] 
o o o 

and 

E[x’ ] = E[x ] - E[x ? ] . 

s s s 

o o o 

Because initial estimates are always assumed to be zero, equations 
(5.25) and (5.26) become 


(5.25) 

(5.26) 



(5.27) 


E[x' ] = -x f 
s s 


(5.28) 


o o 

where x^ and x' are the initial means of the actual position/ 

° 

velocity and solve-for parameter deviations, respectively. 

Applying the expectation operator to equation (5.19) yields 
the following equation for the mean of the actual measurement 
residual: 

E[e^ + 1 ] - - H • Etx^] - M • E[3f' ] + Gu; + Lv^ + Nw' . ( 5 


The update equations for the means of the actual estimation 
errors are obtained by applying the expectation operator to 
equations (5.20) and (5.21). The resulting equations are: 


e[ 4;i ] - + \ + i • E[ <+i i 


Eii C' 1 ■ e[ C 1 + s k+ i • E(£ k+ 1 ) 

s k+i s k+i k 1 k 


(5.30) 
• (5.31) 


.29) 
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The remainder of this section will treat the derivation of 
the propagation and update equations for the actual knowledge 
covariance matrix partitions. Since the actual estimation errors 
do not, in general, have zero means, it becomes more convenient, 
from both an analytical and a computational standpoint, to develop 
propagation and update equations for the 2nd moment matrices rather 
than for the covariance matrices, and then simply convert the 2nd 
moment matrices to covariance matrices using the standard relation- 
ship 

cov (x,y) = E[xy T ] - x y 1 (5.32) 

T 

where cov (x,y) denotes the covariance of x and y, and E[xy ] 
denotes the 2nd moment matrix of x and y. 

The required actual 2nd moment matrix partitions are defined 
in the following pages. Note that primes have been dropped from 
the 2nd moment variables to make the equations more readable in 
the remainder of this section. The 2nd moment matrix partitions 
that must be updated whenever a measurement is processed are listed 
first. 


p 

= E[x r 

*’ T ] 


P = E[x' 
s s 




c 

XX 

s 

r* 

w 

ii 

xf] 


C = E[i f 

XU s 

s 

i ,T ] 



C 

XU 

H 

X ' 

u'h 


C - E [x T 

XV s 

s 

v’ T ] 


(5.33) 

C 

XV 

= E[x’ 

* ,T ] 


C » E [x 1 

X w s 

s 

w ,T ] 

♦ 


C 

xw 

= £ [ x ’ 

»' T ] 






The 

remaining 2nd 

moment 

matrix partitions 

do not 

change 

with time 

C 

uv 

= E [ u ' 

~ |T. 
v' ] 

= C 

uv 

0 

U = E[u ? 

U ,T ] 

= U 

o 


C 

uw 

= E [ u ' 

w' T ] 

= C 

uw 

o 

V = E[v f 

v’ T ] 

= V 

o 

(5.34) 

C 

vw 

= E [ v 1 

W <T ] 

= C 

vw 

n 

w 

w ,T ] 

= w , 
0 



o 
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The 2nd moment matrix propagation equations for the time in- 
terval [t^, t^ + ^] are obtained by substituting equations '(5.14) 

and (5.15) into (5.33) and expanding. All equations are simplified 
by assuming u>' and (x/» x 1 , u/, v', tf') are uncorrelated. Thus, 

f. - K. K. S, K. K. K. 

for example, k 

E[x^ u^ T ] = E[x^] • E[u^ T ] = 0 


since the mean of has been assumed to be zero. The final 
propagation equations are summarized below: 


k+1 


- K 


+T +T +T \ T 

+ 6 C +0 C + 0 C U 
XX XX XU xu, xw xw. / 

S S, K, k/ 


- T - T — T 

+ c e + c e+c e +o 1L1 

xx xx xu, . , xu xw. , - xw k+1 

S. . _ S K+1 k+1 

k+1 


(5.35) 


XX 


k+1 


_i_ «i.Ti -LT* 

OC + 0 P +6 C +0 C 

XX XX S, XU X U XW X w 

s f s k s , s , 

k k k 


(5.36) 


”k+l 


XV, 


k+1 


xw 


k+1 


$c + +e c + +e u+e c T 

XU. XX X U XU O XW UW 

K S S . C 


<tc + + e c + + 0 c + e c T 

XV, XX X v xu uv xw vw 

k s s , o o 

k 

<t>c + +6 c + +ec + 0 w 

XW. XX X w XU UW xw o 

k s s , o 

k 


(5.37) 

(5.38) 

(5.39) 


= P 


k+1 


x u 
s 


= C 


k+1 


x u 
s , 


(5.40) 

(5.41) 
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_ r + 

Lf L» 

XV xv 

s k+i s k 


c = c 

x w x w 

S k+1 s k 


i (5 .42) 
(5.43) 


The actual dynamic noise 2nd moment matrix Q will be assumed 
to have form 


Q k+1 = diag (% At 4 , % K’ At 4 , \ K’ At 4 , Kj At 2 , K’ At 2 , At 2 ) ( 5 .44) 

where At = - t^, and K|, , and are constants which roughly 

correspond to the variances of the actual unmodeled accelerations. 

The form of this equation is identical to that of equation (3.23). 

The actual measurement residual 2nd moment matrix is defined 
by 


J k+1 " E ^ e k+1 e k+l 1 * 


(5.45) 


Substituting equation (5*19) into equation (5*45) yields 

\ + i = HA k+i + ^k+i + G \ + i + L \ + i + NF k + i + \+i < 5 -« 6 > 

where observation matrix partitions H, M, G, L, and N have been 
defined previously, R is the actual measurement noise 2nd moment 
matrix defined by 


\+l E ^ V k+l V k+1 ■* 


(5.47) 


and 


\+l " P k+1 H + C xx 


M T + C G T + c" L T + C - N T (5.48) 

s UAl XU k+l XV k+l ™k+l 

k+1 


,T . -T 


B, . , = P M+C H+C G+C L+C N /s AQ3 

k+1 s... xx xu xv xw \ d . h 7 j 


k+1 


k+1 


k+1 


k+1 
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-T T -T T T-T-T 

D, = C H + C M+UG +C N+C L 

k+1 xu, xu o uw uv 

k+i s k+i ° 


(5.50) 


— T T-T T-T T — T T 

E, . = C H +C M +C N +VL +C G 

k+1 xv, . , xv vw o uv 

k+i s k+i 0 


(5.51) 


T — T T —*T T — T T — T T 

F, , , = W N + C H +C M +C L+C G 

k+1 o xw, , , x w vw uw 

k+1 s . . , o o 

k+1 


(5.52) 


The 2nd moment matrix update equations, which correspond to 
the processing of a measurement, are obtained by substituting equa- 
tions (5.20) and (5.21) into (5.33) and expanding. The final up- 
date equations are summarized as 


P + = P 
k+1 k+1 


-\+i A - "W + Vi J k+1 \+i < 5 - 53 > 


XX 


XX 


-“k+l 


- AS k+l + K k+1 J k+1 S k+1 < 5 ' 54) 


’k+1 k+1 


+ - T 

C = C - K, D 

XU k+l XU k+l ^ +1 


(5.55) 


C = C 

XV k+l 


C = C 

^k+l 


’k+1 k+1 


k+1 


x u 
s 


k+1 


X V 

s 


k+1 


X w 
s 


k+1 


XV k+l 

T 

\+l E 

(5.56) 

1 _ 
^k+l 

T 

\+i F 

(5.57) 

T 

- BS k+l 

+ s k+i J k+i s k+i 

(5.58) 


T 

- s k+i D 

(5.59) 

s k+1 



c" 

X V 

T 

- \+i E 

(5.60) 

s k+1 



c~ 

x w 

T 

- s k+i F 

(5.61) 

S k+1 




where K k+1 and S k+1 are the filter gain constants. 
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5.2.2 Eigenvector and Prediction Events 

The generalized covariance treatment of eigenvector and pre- 
diction events is quite similar to their treatment in an error 
analysis. At an eigenvector event, eigenvalues and eigenvectors 
are computed for both assumed and actual knowledge covariances. 

At a prediction event, both assumed and actual knowledge co- 
variances are propagated forward to tp, the time to which the 
prediction is to be made. 


5.3 Generalized Midcourse Guidance Analysis 

5.3.1 Target Condition Dispersion Analysis 

To generate actual target condition dispersions (mean plus 
covariance) requires that equations be developed, first, for prop- 
agating actual deviation means (control means) and actual control 

2nd moment matrix partitions over the time interval [t. „ , t 1 

J-l 3 

separating two successive guidance events. Second, equations must 
be developed for updating actual knowledge and control means and 
2nd moment matrices following the execution of a guidance event. 
These equations are derived in this section. 


The actual dynamics over the time interval 
described by 



h 1 are 


x! 

j 


$X. + 0 X* + 6 U +0 W 1 + U)’ 

i-1 xx s xu o xw o 1 

J s o J 


(5.62) 


where actual parameter deviations x f , u', v\ and w ? do not change 

4- s 

with time* Notation ( ) and ( ) indicates values immediately be- 
fore and after a guidance correction, respectively. Applying the 
expectation operator to equation (5.62) yields the following mean 
propagation equation: 


x . 
3 


r = 


$x; _ + 0 

J'l 


XX 


0 U ’ + 
XU o 


9 w f 
xw o 


(5.63) 


where we have assumed that the mean of actual unmodeled accelera- 
tion gj \ is zero. 

3 
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The dispersions of the actual deviations about the targeted 
nominal trajectory are represented by the control 2nd moment matrix 

= E £xj xj T J (5.64) 

and related partitions. Equations (5.35) through (5.43) can be 
used to propagate all control 2nd moment matrix partitions over 

the interval [t. ,, t.l if we treat all 2nd moment variables ap- 
J" 1 J 

pearing in these equations as control 2nd moment variables. 

Initial control 2nd moment matrix partitions are identical to 
initial knowledge 2nd moment matrix partitions since all initial 
estimates are zero. 


The updating of actual knowledge and control means and 2nd 
moment matrices following the execution of a guidance event re- 
flects the introduction of actual execution error statistics into 
the mean and 2nd moment matrix propagation processes. The actual 
estimation error at a guidance event is increased by the actual 
execution error 


6AV ! = AV! - AV! 
J J J 


(5.65) 


where AV! 

3 

commanded 
mediate ly 


is the actual velocity correction and AV^ is the actual 

velocity correction. Therefore, the estimation error im- 
following the velocity correction is given by 


x! + = x!" - A • <SAV: 
J J 3 


where 

A = [0 : I] T 


( 5 . 66 ) 


The actual knowledge 2nd moment matrix immediately following 
the correction is defined by 



[< *n 


(5.67) 
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Substitution of equation (5.66) into equation (5 • 67) yields 


P K = P K + A * E! 
j J 


jjSAVj 6AV^ T • A T - A • E jj 5 AV j xj T ] 


- E [x’ _ 6AVj T J * A T . (5.68) 

Defining the actual execution error 2nd moment matrix by 


Q’ =E 


jfiAV’ 6Av j T J 


(5.69) 


and assuming the estimation error immediately prior to the cor- 
rection and the execution error to be uncorrelated permits us to 
rewrite equation (5.68) as 

P Kj ' P K~ * AQ^ A 1 - A • e[6AVJ] • 


‘M - a ’ 


(5.70) 


The mean of the actual estimation error immediately following 
the correction is obtained simply by applying the expectation 
operator to equation (5.66) to obtain 


E [*rM*r]- A - E Kl 


(5.71) 


The propagation equation for fijxvj is given by equation (5.23). 
An expression for E|6AVjJ is given in section 5.3.3. 

The actual estimation error following the correction is de- 
fined by 


x! + = *! + - *’ + 


j 


j ’ 


(5.72) 


But, since we assume that the nominal state is updated with the most 
recent estimate at a guidance event, 


x. * 0 . 

J 


(5.73) 
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Then, substituting equations (5.72) and (5.73) into equation (5.66) 
yields 

xj + = - xj" + A • 6AVj . (5.74) 

The actual control 2nd moment matrix following the correction 
is defined by 

P' + = E I"x! + x! +T 1 • (5.75) 

Cj Ll 3 J 

Substitution of equation (5.74) into equation (5.75) and comparing 
the result with equation (5.68) shows that 


P 


i + 


c . 

3 



(5.76) 


Taking the expected value of equation (5.74) and comparing 
the results with equation (5.71) shows that 


■M ■ - M • < 5 - 77) 

* 

Similarly, under the assumption that we update the nominal solve- 
for state, we can write 


E 




(5.78) 


The remaining control 2nd moment matrix partitions are updated 
in the same manner as the position/velocity partition is updated 
in equation (5.76). 

Equations for the actual target dispersions can now be de- 
veloped, The actual target state deviation 6t_I is related to the 

actual state deviation x! at time t r according to 


6 t \ = n . x ! 
J J J 


(5*79) 


where n. is the variation matrix (see section 4.4) for the ap- 
propriate midcourse guidance policy. The mean of 5t\ is given by 
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(5.80) 


E T <5t ! ] - n . E Tx! 1 . 

'3' 3 ' 3 

The statistical target dispersions are represented by the actual 
target condition 2nd moment matrix , which is defined as 

Wj = E 6 t j 6 t’ T J • (5-81) 

Substitution of equation (5.79) into equation (5.81) yields 

W! - n. P' n T . (5.82) 

j : c. : 

Equations (5.80) and (5.82) are evaluated immediately before 
and after the guidance correction at time t_. . 

5.3.2 Velocity Correction Analysis 

The actual commanded velocity correction 2nd moment matrix 
is defined by 

S ! = AV! T J (5.83) 

where the actual commanded velocity correction is given by 


av*. = r. x! = r. (x! + x!) . (5.84) 

3 3 3 3 3 3 

The guidance matrix I\ corresponds to the appropriate linear mid- 
course guidance ’policy (see section 4.4;. 


Substitution of equation (5.84) into equation (5.83) yields 

s ; ■ r ) { E h x f ] + E [*; x j T ] + E [ x j *j T ] + x j T ]} r j ■ <5 - 85) 

We can write 

E h<]= E h<]- E ^f] • 

Then , substituting equation (5 « 86) into equation (5.85) » we obtain 

s ; - M e [ x ; x j T ] - E [*i *j T ] + E [ x j x i T ] + E [*j • <5 - 87) 
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If we define 



( 5 . 88 ) 


and use the definitions of control and knowledge 2nd moment matrices, 
we can write equation (5.87) as 


S ] ■ r j ( P 'c 3 - % + % + C Bj) r j ' (5 ' 89> 


The corresponding expression for the assumed velocity cor- 
rection covariance (section 4.4 is given by 



(5.90) 


The assumed covariance C does not appear in equation (5.90) since 

E . 

j 

the navigation filter assumed the estimate and the estimation er- 
ror to be orthogonal (if the filter employs an optimal estimation 
algorithm) . 


The proper evaluation of equation (5.89) 


for S! 
1 


requires that 


C' and associated partitions be propagated between measurements 
E . 

J 

and updated at each measurement. A set of propagation and update 

equations for C’ and associated partitions can be developed in a 
E , 

3 

straightforward fashion. These is some question, however, about 
the feasibility of carrying along an additional set of 2nd moment 
partitions merely to obtain a better value for Sj. The programmed 


generalized covariance guidance model will assume C £ can be 
neglected in equation (5.89). j 


The mean of the actual commanded velocity correction is ob- 
tained by applying the expectation operator to equation (5.84): 


E K]- r 3 { E h] +E h']} • (5 - 9i> 


Expressions for E[x! ] 


and E [x! ] are already available. 


Equation (5.91) gives us no useful information for fuel siz- 
ing studies. Instead, we operate on the S f matrix (5.89) to define 
E [|A$i|] using the Lee-Boain technique exemplified by equation 
(4.38) of Section 4.4. 
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The actual effective or statistical AV is then defined as 

"EUvjr = E[|AV’|] * a’ ^ (5.92) 

where denotes the unit eigenvector of S. corresponding to the 
maximum e ig envalue , J 

8.3.3 Execution Error Model 


The actual execution error SAV^ will be assumed to have form 


av! 

SAV! = k'AV' + s' + 6AV’ . 


av! 

3 


pointing 


(5.93) 


where k f denotes the actual proportionality error; s 1 , the actual 
resolution error; and ^ the actual pointing error. 

These actual execution errors are not required to have zero-mean 
statistics . 


Both the mean and 2nd moment of 5AV! are difficult to eval- 

J 

uate because of the complicated functional dependence of 6AV^ on 
AV’. This problem is also encountered in the generation of as- 
sumed execution error statistics, and will be resolved by making 
certain simplifying assumptions. 

The components of 6AV! can be found in equation (4.13) and 
are reproduced as ^ 


6AV' = ( k’ + AV' 
x \ P / x 

- ( k ' + £) 

’ = (k 1 + ~) AV' - p'66' 

z \ P / z 


p’AV' 6a’ + AV’ AV' 68* 
y x z 


6AV' 

y 


AV' AV' 68’ - p’AV’ 6a’ 
y z x 


(5.94) 

(5.95) 

(5.96) 


where p’ = | AV ' | , p' = [AV' 2 + AV' 2 ]^, and 6a’ and 68* are the 

x y 

actual pointing angle errors. 

Before operating on equations (5.94), (5.95), and (5.96) to 

obtain expressions for E j6AV^J and = E JsAV^I 6AV^J, we shall 

assume that AV' , AV', and AV' can be replaced by the components 
x y z 
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of the actual statistical velocity correction "E[AV^]". This 

means only k' , s', 6a', and Sg’ need be treated as random variables 
when we apply the expectation operator to these equations or to 
any products of these equations. 

Under the previous assumption > we obtain the following ex- 
pression for the mean of 6AV^ : 


E [SAV'. ] = E[6AV'] e +E[6AV’] e +E[6AV’]'e 


y y 


z z 


where 


E [ 6AV 


E [5AV 


P 


;> ■ ( k ’ 

• ] = (k f + - 

y \ p 

•( 


E[<5AV^ ] = ^k’ + | 


) 

•)**; 
■) 


p'AV' 5a’ + AV' AV’ 66 * 
y x z 


AV' AV’ Sg ’ - p’AV’ 5a’ 

+ 5 5 

y u' 


AV’ - u' 5g ’ 


(5.97) 

(5.98) 

(5.99) 

(5.100) 


and e , e , and e denote three unit vectors aligned with the 
x y z 

inertial ecliptic coordinate axes. 

Denoting the elements of by Q^» we will define 


= E[5AV; 2 ], Q„ = E[6AV; r 2 ], Q„ = E[SAV^] 


22 


33 


Q’ 2 = = E[5AV’ SAV'] 


q; 3 = Q’, = E[5AV; 6av;i 


q’ 3 - q^ 2 - e[5av; 6av;i 


> (5.101) 


J 
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Substituting equations (5.94), (5.95), and (5.96) into 
(5.101) and assuming all execution error sources to be uncor- 
related, yields 



e' 


AV' 2 + — tt fp' 2 AV' 2 5a' 6a ' 
x y z \ y 


A V* 2 AV' 2 66 ' 66 ’ 

x z 


+ 2p ' 


AV' 

x 


AV' 

y 


AV’ 

z 


6a ’ 6 6 


Y 2AV’ . 

1 + 


AV' 

y 


Aa ’ + 


AV’ 

x 


AV’ 

z 


66 ' 


(5.102) 


Q' 0 = 5' AV' 2 + — (aV' . 

22 y u ( y z x 


2 AV' 2 66' 66' + p' 2 AV^ 2 6a' 6a’ 
2AV' 


) ZAV / a v 

+ — f 2 - c’lAV' AV' 66' “ p' AV’ 6a* ) 
y \ y z x ) 


Q’ = C’ AV' 2 + y 1 2 66 ' 66 ' - 2 AV' M » c' 66' 

J -5 Z Z 


(5.103) 

(5.104) 


q ; 2 - QJ X - c av^av;-.^ 


2 AV* AV* AV* 66' - p' /aV’ 2 - AV’ 2 \ 6a’ 
x y z \ x y / 


TT - p ’ 2 AV’ AV* 6a' 6a' + p' AV' (av' 2 - AV’ 2 \ 6a' 66' 

^ xy z ^ y x / 

(5.105) 


+ AV' AV' AV' 2 66' 66' 
x y z 


$13 = Q 31 = 


C' AV' AV* + s’ 
x z 


AV* 


-4 (p‘ AV’ 6a' + AV' AV' 66’ 
y \ y x z 


)- «• *♦; 


66 ’ 


p' AV' 6a' 66’ - AV’ AV’ 66' 66' 

X X z 


(5.106) 


Q 23 ' Q 32 


£* AV' AV’ + 

y z 


AV’ 


, AV' AV' 66' 

y \ y z 


p’ AV* 6a’' 
x ’ 


y’ AV’ 66’ 

y 


+ p’ AV' 6a’ 66’ - AV’ AV’ 66’ 66’ 
x y z 


(5.107) 
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where 




k'k' + K k’ s' 

P 



(5.108) 


and 


C' = k' + 


(5.109) 
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6 . 


N0MNA1 USAGE 


This chapter details the usage of the NOMNAL program for the person who 
needs to operate the program. Section 6.1 defines the input requirements of 
NOMNAL. The input to NOMNAL is entered via the NAMELIST option with default 
values stored internally for most variables to simplify program input. Sec- 
tion 6.2 describes the output generated by the NOMNAL program. Finally Sec- 
tion 6.3 discusses several sample cases made with NOMNAL. Sample output from 
these cases are included in Appendix A. 


6.1 NOMNAL Input Description 


1. An option card must be the first card read. The character string 
'HALO' (punched in columns 1 through 4), will cause execution of 
NOMNAL halo orbit routines. If any other character string is pre- 
sent, the program will attempt to execute the non halo orbit rou- 
tines. No default is provided. 

2. Namelist &HALOIN is read by subroutine HPRELM. The variables in 
this namelist and their definitions are as follows: 


ALPHA 

ATRY 


BETA 

BTIME 

CSUBR 

DTAR 


DTOL 


DVMAX 


IB IAS 


IBTYPE 


Right ascension of finite burn vector (0.0 degrees) 
Initial guess to start solution to Lamberts problem 
for transfers involving one or more full revolutions 
prior to encounter (-0.1) 

Declination of finite burn vector (0.0 degrees) 

Finite burn duration (1296.0 seconds) 

Spacecraft reflectivity constant (1.0/AU^) 

Array of target values 

(1) = Radium of closest approach (6560.0 kilometers) 

(2) = Inclination (28.317 degrees) 

(3) = Packed calendar date of closest approach in 

format YYMMDD . HHMMS S (740411.0) 

Array of target value tolerances 

(1) = RCA tolerance (10.0 kilometers) 

(2) » 1CA tolerance (1.0 degrees) 

(3) = TCA tolerance (0.01 days) 

Maximum change allowed to velocity controls in the 
targeting process, if (AV X ^ + A Vy + AV Z ^)^ exceeds 
DVMAX, the vector (AV X , AV , AV Z ) is normalized to 
that magnitud*e. y 

Flag to indicate that a bias vector is to be added to 
the libration state prior to targeting 

- 0 Target to libration state (default) 

- 1 Target to libration state + ZBIAS 
= 2 Tatget to ZBIAS 

= 3*Target to libration state + ZBIAS as calculated 
from rotating coordinate system variables 
Burn option 

= 0 Impulsive burn only (default) 

= 1 Target impulsive burn; calculate ALPHA, BETA and 
BTIME and then target finite burn 
= 2 Target finite burn only 


* See Table 6-1 for figures and definitions. 
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IDISK 


INSYS 


ITMAX 
I ZERO 


LAUNCH 


LIBR 


MSGLVL 

NB 


NBOD 

NFR 

NPOINT 

PERT 


PHILS 

PSI1 

PSI2 

RLIBR 


RPRAT 

SCAREA 

SCMASS 

SIGMAL 


Spacecraft trajectory file 
= 0 Do not write trajectory tile (default) 

= 1 Write sequential trajectory file with partials 
Flag to indicate input system of all input vectors 
(XINT, ZBIAS and ZDAT) (0) 

= 0 Cartesian state in inertial ecliptic 
= 1 Magnitude, right ascension and declination 

with respect to the coordinate system rotating 
with libration points 
Maximum number of targeting iterations (6) 

Flag to indicate source of initial state vector 
= 5 User supplied initial velocity of spacecraft 
at libration point in vector ZDAT 
= 6 Initial velocity of spacecraft at libration point 
found by interpolation of time -of -flight table 
*■ 7 Initial velocity of spacecraft at libration point 
found by solving Lamberts problem (default) 

Flag for launch profile data 
= 0 Launch profile data is printed only 
= 1 Launch profile data is printed and trajectory is 
retargeted for updated launch time (default) 
Libration point of interest 
=- 1 Earth Sun libration point (default) 

= 2 Earth anti-Sun libration point 

Flag for printing debug output, the higher the number 
the more debug print (0) 

Array of bodies used during integration 1 = Sun, 

2 = Mercury, 3 = Venus, 10 = Pluto, 11 = Moon 

(1) ■ Central body (4) 

(2) = First non-central body (1) 

(3) = Second non-central body (11) 

Number of bodies used during integration maximum of 6 (1) 
Number of full revolutions around Earth from injection 
to libration point encounter 
Number of special print points (0) 

Perturbation levels 

(1) = Position perturbation level (2.0 kilometers) 

(2) = Velocity perturbation level (5.0D-4 kilometers/ 

seconds) 

Latitude of launch site (28.317 degrees) 

First injection burn arc (17.0 degrees) 

Second injection burn arc (8.0 degrees) 

Array of Earth state scaling constants required to 
generate libration state according to the following 
definition: 

(1) = -0.0100109819 

(2) = 0.0100782451 

Inverse parking orbit rate (15.041) 

Spacecraft area (30.D-6 kilometers^) 

Spacecraft mass (1000.0 kilograms) 

Nominal launch azimuth (90.0 degrees) 
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SMU(ll) Gravitational constants of bodies (kilometers^/seconds^) 

(1) Sun (1.32715445D11) 

(2) Mercury (2.21815976934672D4) 

(3) Venus (3 . 2477627D5) 

(4) Earth (3.986008D5) 

(5) Mars (4 . 2977368D4) 

(6) Jupiter (1.2670935D8) 

(7) Saturn (3.79187D7) 

(8) Uranus (5.787732462712586D6) 

(9) Neptune (6.890576272066444D6) 

(10) Pluto (7.324089348785859D4) 

(11) Moon (4.902778D3) 

Table 6-1 Input Description for Finite Burn and L Point Target Variables 



Input Variables (IBIAS = 3) 

ZBIAS (1) = A ) 

3 [ kilometers 

ZBIAS (2) = A ) 

ZBIAS (3) - m xy ) 

l deg/ sec 

ZBIAS, (4) = io z ) 

ZBIAS (5) = 0i ) 

[deg 

ZBIAS (6) = e 2 ) 


Finite Burn Parameter Description 

ALPHA and BETA are measured with 
respect to the inertial ecliptic 
co-ordinate system. 


Rotating Co-ordinate Parameter Description 

r l 

— — w * 

y = Ay 


. sin 

11 

t 

vf* 

cos T 

cos T n 

y = -w A 

sin T 

1 

3 xy y 


sin T 2 

z = 0 ) z A z cos T^ 

where , 




T]_ - “xy*' + ®i 

t 2 = to z t + e 2 


k = 


2C “xy 


+~ (2wT + C^) 

xy z 

360 degrees 
number of seconds/yr 
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TDUR Time of flight (days) 

THEDOT Rotation rate of launch planet (15.041 degrees/hours) 

THELS Longitude launch site (279.457 degrees) 

THRMAG Thrust magnitude (1.0 Newtons) 

TIMl Duration of first injection burn (500.0 seconds) 

TIM2 Duration of second injection burn (100.0 seconds) 

TMPR Number of days between print points (10.0 days) 

TP Array of special print points in days from injection 

( 100 * 0 . 0 ) 

XINT Injection state vector to be integrated if ITMAX * 0 

( 6 * 0 . 0 ) 

XISP Specific impulse (265.0 seconds) 

ZBIAS 6 vector added to libration state for targeting when 

IBIAS = 1»2 or 3 (6*0.0) (See IBIAS) 

ZDAT 3 vector of initial guess of spacecraft velocity at 

libration point, if IZERO - 5 (3*0.0) 

6.2 N0MNAL Output Description 

The output from the nominal trajectory generator NOMNAL is divided into 
four sections; Initial Conditions, Launch Profile Targeting and Trajectory 
Data. Each section is discussed individually. 

6.2.1 Initial Conditions 


The banner of the initial conditions section indicates to the user that 
the source of the initial conditions is 'from input', 'from table' look up 
or 'from Lamberts Equation'. The following data is printed; 


INJECTION DATE 


FLIGHT DURATION 
ARRIVAL DATE 


LIBRATION POINT 
BIAS VECTOR 
STATE AT L-POINT 


STATE AT INJECTN 

CENTRAL BODY 
NO. OF BODIES 
BODY NO. 1 
BODY NO. 2 
BODY NO. 3 


The proposed Julian and calendar date of injection. 
This date is derived from input and does not take 
into account the launch related data. 

Time from injection to arrival at the libration 
point (days) 

The proposed Julian and calendar date of arrival at 
the libration point. This date is a function of the 
initial conditions injection date and the flight 
duration. 

The number of the injection point of interest 
(1 = Earth-Sun, 2 = Earth-antiSun) 

A 6 element state vector added to the state of the 
libration point prior to targeting. 

6 element state vector at the libration point (X, Y, 

Z (km) and XD0T, YD0T, ZDOT (kilometers/seconds) 
in ecliptic coordinate system. 

Similar to 'state at L-point' except this state is at 
closest approach. 

Name of the central gravitating body. 

Number of bodies used during integration. 

Name of first body in Universe 
Name of second body in Universe 
Name of third body in Universe 
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6.2.2 Launch Profile 


The banner of the launch profile section indicates to the user that the 
following information has been used to update the trajectory for targeting 
('Launch Profile for Targeting') or is printed for information only ('Pro- 
jected Launch Profile'). The following data is printed in either case: 


INJECTION DATE 
AZIMUTH 

LS LONGITUDE 
LS LATITUDE 
BURNl ANGLE 
BURN 2 ANGLE 
LAUNCH TOD 
BURNl DUR-SEC 
COAST TIME -SEC 
BURN2 DUR-SEC 
INJECTION TOD 
INJECTION GHA 

INJ DV IN 
OUT 

STATE (ECL) 
ELEMENTS (ECL) 


STATE (ECQ) 
ELEMENTS (ECQ) 


6.2.3 Targeting 


Julian and calendar date of injection 

The launch azimuth required for launch into parking 

orbit (degrees) 

The launch site longitude (degrees) 

The launch site latitude (degrees) 

The first injection burn arc (degrees) 

The second injection burn arc (degrees) 

Launch time of .day (days from 0 hours input) 

The duration of the first injection burn (seconds) 

Coast time in parking orbit (seconds) 

The duration of the second injection burn (seconds) 
Injection time of day (days from 0 hours input) 

Injection Greenwich hour angle 
Injection AV (kilometers/second) and 
an indication of in- or out-of -plane 
6 element state vector: X 4 Y, Z (km) and XDOT, YDOT, 
ZDOT (kilometers/seconds) in ecliptic coordinate system. 
6 element vector: Semi-major axis (km), eccentricity, 

inclination (degrees) , longitude of ascending node 
(degrees, longitude of periapsis (degrees) and true 
anomaly (degrees) . 

6 element state vector similar to 'SAATE (ECL) ' 
except in Earth equatorial coordinates. 

6 element vector similar to 'ELEMENTS (ECL)' except 
in Earth equatorial coordinates. 


The banner of the targeting section indicates to the user the libration 
point being targeted and the iteration number. The following data is printed: 

TARGETING EVENT AT JULIAN DATE Julian date at libration point 


DESIGNATED TARGET TIME AT JULIAN DATE 

Julian date at closest approach 

SPACECRAFT STATE VECTOR AT INITIAL JULIAN DATE 

GEO-EC 6 element state vector at the 

libration point (X, Y, Z (km) and 
XDOT, YDOT, ZDOT (kilometers/seconds) 
in Geocentric Ecliptic Coordinates. 

GEO-EQ 6 element state vector similar to 

'GEO-EC' . 
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CONTROL VARIABLES NAME OF CONTROL VARIABLES 

VX - XDOT at the libration point 

VY - YDOT at the libration point 

VZ - ZDOT 

ALPH « Right ascension of finite burn vector 

BETA - Declination of finite burn vector 
TBRN - Finite burn duration 

TARGET VARIABLES RCA - Radius of closest approach 

ICA - Inclination of closest approach 
TCA - Time of closest approach 

ACTUAL TARGET VALUES - Values of RCA (km), ICA (deg) and TCA (days) 

resulting from integration. 

TARGET ERROR Error resulting from comparison of actual 

target values with desired target values. 

TARGET TOLERANCES Maximum allowable error between the actual 

target values and the desired target values. 

TOTAL CHANGE TO THE CONTROL VARIABLES - The change to the control 

variables from the first to last iteration 

NOMINAL THRUST CONTROLS FOR THE CURRENT TRAJECTORY - The values of the 

control variables used during previous 
integration 

DIFFERENTIAL TRANSFORMATION MATRIX - Partials of target variables with 

respect to Earth equatorial state vector at 
the libration point. The format is as follows: 
RCA/X RCA/Y RCA/Z RCA/XD RCA/YD RCA/ZD 

ICA/X ICA/Y ICA/Z ICA/XD ICA/YD ICA/ ZD 

TCA/X TCA/Y TCA/Z TCA/XD TCA /YD TCA/ZD 

STATE TRANSITION MATRIX - Partials of state vector at closest approach 

to the state at thrust initiation in the 
ecliptic coordinate system. The format 
is as follows: 

X/X X/Y X/Z X/XD X/YD X/ ZD 

Y/X Y/Y Y/Z Y/XD Y/YD Y/ZD 

Z/X Z/Y Z/Z Z/XD Z/YD Z/ZD 

XD/X XD/Y XD/Z XD/XD XD/YD XD/ZD 

YD/X YD/Y YD/Z YD/XD YD/YD YD/ZD 

ZD /X ZD/Y ZD/X ZD/XD ZD/YD ZD/ZD 

PARTIALS OF STATE VECTOR AT THE TARGET TIME WITH RESPECT TO THE FINITE 

BURN CONTROL VARIABLES. The format is as 
follows : 
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X/ALPH X/BETA X/TBRN 
Y/ALPH Y/BETA Y/TBRN 
Z/ALPH Z/BETA Z/TBRN 
XD/ALPH XD/BETA XD/TBRN 
YD/ALPH YD/ BETA YD/TBRN 
XD/ALPH ZD/BETA ZD/TBRN 

PARTIAL S OF STATE VECTOR AT THE TARGET TIME WITH RESPECT TO THE FINITE 

BURN CONTROL VARIABLES. The format is identical 
to previously mentioned format of state with 
respect to finite burn control variables. 

TARGET SENSITIVITY MATRIX - Partials of target variables with respect 

to control variables. For the impulsive burn 
case the format is: 

RCA/XD RCA/YD RCA/ZD 
ICA/XD ICA/YD ICA/ZD 
TCA/ALPH TCA/BETA TCA/TBRN 

TARGETING MATRIX - Inverse of target sensitivity matrix 

PREDICTED CONTROL CHANGES - The delta that must be added to the current 

values of the control variables to target 
the trajectory. 


6.2.4 Trajectory 

The banner of the trajectory section indicates to the user that the 
information printed is a normal print point, a 'special point' or a 'special 
print for burn point’. The following data is printed: 

DATE The Julian and calendar date associated with the 

following trajectory data 


DAYS FROM INJECTION - Self explanatory 


DATA WITH RESPECT TO - The name of body to which the following data 

is referenced 


STATE (ECL) 


R-MAG 


6 element state vectory of the spacecraft (X, Y, Z 
(km) and XDOT, YDOT, ZDOT (km/sec)) in the ecliptic 
coordinate system 

Magnitude of the radius vector (km) 


V-MAG 


Magnitude of the velocity vectory (km/sec) 


RA (ECL) Right ascension of the radius vector in the 

ecliptic coordinate system (deg) 

DEC (ECL) Declination of the radius vector in the 

ecliptic coordinate system (deg) 
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STATE (ECQ) Similar to ’state (ECL) ’ except in the Earth 
equatorial system. 

RA (ECQ) Right ascension of the radius vector in the 

Earth equatorial coordinate system (deg) 

STATE PARTIALS State transition matrix (FEOM injection to current 
print point) in units of km and km/sec in the 
following format: 


x/x 

X/Y 

X/Z 

X/X D 

X/YD 

X/ ZD 

Y/X 

Y/Y 

Y/Z 

Y/XD 

Y/YD 

Y/ZD 

z/,x 

Z/Y 

Z/Z 

Z/XD 

Z/YD 

Z/ZD 

XD/X 

XD/Y 

XD/Z 

XD/XD 

XD/YD 

XD/ZD 

YD/X 

YD/Y 

YD/Z 

YD/XD 

YD /YD 

YD/ZD 

ZD /X 

ZD/Y 

ZD/Z 

ZD/XD 

ZD /YD 

ZD/ ZD 


DATA IN RLP SYSTEM - Magnitude, right ascension and declination of 
both the position and velocity in the rotating 
libration point system. The impulse magnitude, 
right ascension, declination and vector to rendez- 
vous with the libration point are also output. 

6.3 NOMNAL Sample Case Description 

Two targeting cases performed by the targeting program NOMNAL will 
be described in this section to illustrate the operation of the targeting 
process. The cases to be discussed are: 

Case N-l. Short (36 day) transfer time mission to the 
L^ point with finite burn insertion. 

Case N-2. Long (118 day) transfer time mission to the 
L£ point with impulsive insertion. 

6.3.1 Input data 

Table 6.1 is a copy of the input data for both cases as Indicated. 

The purpose of the NOMNAL run is to first target the desired trajectory 
and then generate a file containing trajectory and state transition matrix 
information for subsequent ERRAN runs. Any values not specified in the 
namelist will take the default values as specified in Section 6.1. The 
case N-l will illustrate essentially all of the capability of NOMNAL, since 
a finite burn case can use a targeted impulsive case as a first guess. 

This option is specified by IBTYPE = 1, targeting an impulsive case back- 
wards in time from the libration point at DTAR(3) + TDUR to injection at 
DTAR(3) . The tolerances are specified by the DTOL array, the maximum 
number of iterations by ITMAX, use of the built in zero iterate table by 
IZERO = 6, the number of bodies and which ones by NBOD and NB, the mass 
of the Earth (SMU(4)) is taken here to be equal to the sum of the Earth- 
Moon system, and the spacecraft parameters by SCMASS and XISP. Similarly 
in case N-2 the flight time, libration point (LIBR 55 2) and insertion type 
are specified. 
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LHALOIN 

NP0INT=2* TP*0.5* 5.0* 
DTAR<3)=740709.1608* 
OTOLU) =1.*. 001 *.00001* 
I8TYPE=1» 

IDISK=1* 

ITMAXsIO* 

I ZER0=6 * 

N8 ( 1 ) =4*1*0* 

NBQD-2* 

SCMASS=400 • * 

SMU (4) =403503.97887* 
TDUR=36. » 

XISP=215» * 

{.END 


a. Case N-l Input 


LHALOIN 

OTAR < 3) =740709.2216* 
OTOLU )=!.*. 001 *.00001* 
ITMAX=10* 

IZER0=6* 

ID I SK= 1 * 

L I BR=2 * 

NB ( 1 ) =4*1 * 0 • 

NB0D=2 * 

SMU (4 >=403503. 97887* 
TOUR=l 18. » 

LEND 


b. Case N-2 Input 


Table 6.1 NOMNAL Sample Input 


6-9 



6,3.2 Discussion 


From these runs it is seen that both of these cases take several 
iterations to converge, case N-2 due to the much greater sensitivity of 
the long flight time cases (use of DVMAX advised) and case N-l due to 
the greater non-linearity of the finite burn controls, For case N-l, 
it is seen that after the impulsive case converges, the burn parameters 
are approximated and targeting proceeds in the finite burn phase. After 
convergence on the date specified the launch phase adjusts the injection 
time for a realistic launch and retargets the case holding the flight 
time constant. 

For both cases after convergence has occurred, the trajectory file 
is generated (if IDISK = 1) and the trajectory is printed out forwards 
in time from injection once every TMPR days and at any special print 
points desired, at the initiation of the finite burn if there is one 
and at the final time. 
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7. 


ERRAN USAGE 


7,1 ERRAN Input Description 

The input of the error analysis/generalized covariance analysis 
program consists of: 

a) An error analysis namelist section entitled ERRAN; 

b) The measurement schedule; 

c) A generalized covariance analysis namelist section 
entitled GENRAL, that must appear only if a generalized 
covariance analysis is to be performed. 

Most namelist variables are preset by the program; these preset values 
are the quantities enclosed in parentheses in the namelist definitions. 
Unless otherwise indicated, input units correspond to the internal units 
defined by the variables ALNGTH and TM. Unspecified angular units are 
assumed to be radians. 

7.1*1 Namelist ERRAN 

1. Nominal trajectory variables 

IM0 Month of final computation (integer) 

IDAY Day of final computation (integer) 

IHR Hour of final computation (integer) 

IMIN Minute of final computation (integer) 

SECT Second of final computation (floating) 

IYR Year of final computation (integer) 

ALNGTH Length units per AU (ALNGTH - 149597893. kilometers) 
TG Initial control covariance time (TG = 0) 

TM Time units per day. (TM = 86400. seconds) 

TRTMl Initial trajectory time. (TRTM1 “0) 

All other trajectory and state transition matrix data are contained on 
the file generated by NOMNAL. 

2. Parameter Augmentation Variables 

IAUGIN(24) Array of augmented parameter codes; unspecified ele- 
ments are assumed to be zeros. Up to 15 solve-for 
parameters may be augmented; up to 15 measurement- 
consider parameters; and up to 15 ignore parameters. 

IAUGIN(I) = 0 - neglected parameter (preset value) 

= 1 - consider parameter 
- 2 - solve-for parameter 

= 3 - ignore parameter (generalized covariance only) 
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2 

3 

4 

5 

6 

7 

8 
9 

10-17 

18 

19 

20 
21 
22 

23 

24 

3. Measurement Variables 

Number of entries (cards in measurement schedule 
[NENT = 0]) 

Number of tracking stations (at most 3) on the ro- 
tating earth (NST = 3) . If no tracking station 
information is read in, the following three stations 
will be assumed: 

Altitude Latitude Longitude 


1. 

Goldstone 

1.031 km 

35.384 N 

116.833 

W 

2. 

Madrid 

.050 km 

40.417 N 

3.667 

W 

3. 

Canberra 

.050 km 

35.311 S 

149.136 

E 


If different tracking stations are desired, their locations must be speci- 
fied by the following three arrays. 

SAL(3) Array of altitudes of each tracking station (spherical Earth) 

SLAT (3) Array of latitudes of each tracking station in degrees north 

SL0N (3) Array of longitudes of each tracking station in degrees east 

UST(3) S Direction cosine arrays of three reference stars. 

VST(3) [ If not specified, the three stars and their direction 
WST(3) J cosines are as follows: 



Canopus 

Betelgeuse 

Rigel 

UST 

-.061351 

.028986 

.201963 

VST 

.237886 

.960388 

.831343 

WST 

-.969355 

-.277141 

-.517784 


NENT 

NST 


Radius error of station 1 > 

Latitude error of station 1 
Longitude error of station 1 

Radius error of station 2 I . 

Latitude error of station 2 ) _ arametera 

Longitude error of station 2 1 parameters 

Radius error of station 3 

Latitude error of station 3 

Longitude error of station 3 j 

Undefined (no dynamic parameters are currently 

included in STEAP-L) 

Range bias of station 1 
Range-rate bias of station 1 j 
Star-planet angle 1 bias I mea8 urement 

Star-planet angle 2 bias i parameters 

Star-planet angle 3 bias parameters 

Apparent planet diameter bias 
Undefined ' 


measurement 

parameters 
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4. Eigenvector and Prediction Event Variables 

Number of eigenvector events (NEV1 = 0) 

Array of times at which eigenvector events occur; 
specified only if NEVl is nonzero. Chronological 
order required. 

Number of prediction events (NEV2 = 0) 

Array times at which prediction events occur; 
specified only if NEV2 is nonzero. Chronological 
order is required. Exactly NEV2 entries must be 
input . 

Array of times to which one wishes to predict. The 
elements of the TPT2 array must correspond to the 
elements of the T2 array. 

Flag controlling the punched output for eigenvector 
events (IPUNE =0). 

= 0 - Do not punch. 

= 1 - Punch the P, PS, CXXS, CXU, CXSU matrices 

Flag controlling the punched output for prediction 
events (IPUNP ■ 0). 

= 0 - Do not punch. 

= 1 - Punch the P, PS, CXXS, CXV, CXSV matrices at the 
time predicted to 

A value to be used as an off-diagonal annihilation 
element in subroutine JAC0BI for position eigenvalues 
and eigenvectors (F0P = 1. x 10”^) 

A value to be used as an off-diagonal annihilation 
element in subroutine JAC0BI for velocity eigenvalues 
and eigenvectors (F0V =1. x 10“25) 

5. Covariance Variables (filter, or assumed, covariances) 

P(6,6) Initial P (position and velocity) covariance matrix. 

Referenced to inertial frame (diag P ■ 1., 1., 1., 

1. x 10“ , 1. x 10~4, 1. x 10“4.) 

The structure of the following ten parameter covariance matrix partitions 
must correspond to the structure of the solve-for and measurement-consider 
parameter vectors. The last five matrix partitions are at the time TG 
which may be different from TRTM1 . 

PS (15,15) Initial Pg (solve-for parameter) covariance matrix 
(PS = identity matrix) 

V0 (15, 15) Initial V Q (measurement-consider parameter) covariance 
matrix (VO = 0) 

CXXS (6, 15) Initial C w covariance matrix (CXXS ■ 0) 

CXV(6,15) Initial C^ covariance matrix (CXV = 0) 


NEVl 

Tl(20) 

NEV2 

T2(20) 

TPT2(20) 

IPUNE 

IPUNP 

F0P 

F0V 
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CXSV(15,X5) 

PG(6,6) 

PSG(15,15) 

CXXSG(6,15) 
CXVG(6,15) 
CXSVG (15, 15) 
IFCNRI 


IFPC0V 


IFGC0V 

IDNF 

DNCN(3) 

MNCN(12) 


Initial C x covariance matrix (CXSV = 0) 

c • 


Initial control (position and velocity) 
matrix (diag PG *° 1. , 1,, 1., 1. x 10“4 
1 . x 10 “ 4 ) 


covariance 
, 1 . x lCT 4 , 


Initial solve-for control covariance matrix 

(PSG = identify matrix) 

Initial control C XXg covariance matrix (CXXSG = 0) 

Initial control covariance matrix (CXVG * 0) 

Initial control C XgV covariance matrix (CXSVG = 0) 

Flag for inputting the initial control covariances 

(IFCNRI = 0) 

= 0 control covariances not input (set equal to the 
initial covariances) 

= 1 control covariances input as PG, PSG, CXXSG, 

CXVG, CXSVG at time TG 

Covariance input code (IFPC0V = 0) 

“ 0 P and PS are input in covariance form 

= 1 P and PS are input in standard deviation and 

correlation form (standard deviations on diagonal 
and correlations in lower left triangle) 

Control covariance input code (IFGC0V = 0) 

= 0 PG and PSG are input in covariance form 

= 1 PG and PSG are input in standard deviation and 
correlation form 


Dynamic noise flag (IDNF = 0) 

“ 0 Dynamic noise is zero 
= 1 Dynamic noise is not zero 

Array of constants used to calculate dynamic noise 
covariance matrix; must be specified if IDNF equals 1. 

Array of variances for each type of measurement. If 
not specified, the following values are assumed: 

MNCN(l) - 1, x 10 " 6 Range (idealized station) 

( 2 ) = 1 , x 10-12 Range rate (idealized station) 

(3) •» 1, x 10~6 Range (station 1) 

(4) = 1. x 10“12 Range rate (station 1) 

(5) = 1. x 10~6 Range (station 2) 

( 6 ) = 1 . x 10“12 Range rate (station 2 ) 

(7) = 1. x 10~6 Range (station 3) 

( 8 ) = 1. x 10”12 Range rate (station 3) 

(9) - 2.5 x 10 “9 Star-planet angle 1 
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MNCN(IQ) = 2.5 x 10 "^ star-planet angle 2 

(11) = 2.5 x 10“9 Star-planet angle 3 

(12) = 2.5 x 10“^ Apparent planet diameter 

SIGRES Variance of resolution execution error 

(SIGRES = 4. x 10~ 8 ) 

SIGPR0 Variance of proportionality execution error 

(SIGPR0 = .0001) 

SIGALP Variance of pointing angle alpha execution error 

(SIGALP = .0043625 radians 2 ) 

SIGBET Variance of pointing angle beta execution error 

(SIGBET = .0043625 radians 2 ) 

IGEN Code that indicates if a generalized covariance 

analysis is to be performed (IGEN =0) 

= 0 No generalized covariance analysis 
= 1 Generalized covariance analysis 

6. Print Codes 

IPRINT Measurement print interval; measurement information 

printed every IPRINT measurements (IPRINT = 1) 

KPRINT Correlation matrix print code (KPRINT = 1) 

= 0 Print out P and Pg correlation matrices and 
standard deviations at a measurement 

= 1 Print out all correlation matrices and 
standard deviations at a measurement 

IERPR Namelist print code (IEKPR = 0) 

= 0 Do not print namelist ERRAN 
= 1 Print namelist ERRAN 

IPR0B Problem number 

7. Guidance Event Variables 

NEV3 Number of guidance events (NEV3 = 0) 

T3(20) Array of times at which guidance, events occur; 

specified only if NEV3 is nonzero. Chronological 
order required 

ICDT3(20) Array of codes specifying the guidance policy 

(ICDT3 = 20*1) 

= 1 Fixed time of arrival (FTA) 

= 2 Variable time of arrival (VTA) 
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IFVMRI 


Flag to indicate whether the targeting matrix n(ADA) 
is to be calculated or input (IFVMRI = 0) 

= 0 ADA is calculated 
=■ 1 ADA is input via the matrix RADA 

RADA(3,6) . ADA matrix if it is to be input 

NOTE: Only one ADA matrix may be read, so this 

option should not be used with multiple 
guidance events. 

SKALE Scale factor used in calculating the S matrix 

(AV covariance) (SKALE » 0) 

IPUNG Flag controlling the punched output for guidance 

dvents (IPUNG = 0) 

=0 Do not punch 

= 1 Punch the P + » PS + , CXXS + , CXV + , CXSV + matrices 
8. Insertion Event Variables 

NEV4 Number of insertion events, should be either 0 or 1 

(NEVA = 0) 

T4(20) Time of the insertion event; specified only if NEV4 

is nonzero (days) . 

BRNTIM Duration of the finite insertion burn, if less than 

one second burn is assumed to be impulsive (BRNTIM = 0) 

< 1. sec Impulsive insertion maneuver 

> 1. sec Finite insertion burn of duration BRNTIM 
seconds 

REXV(3) Insertion AV vector for an impulsive insertion maneuver 

U0(3,3) Covariance matrix of execution errors for finite burn, 

diagonal elements are the variances of the right 
ascension (a) and declination (8) both in radians^ and 
of the thrust level (T) in newtons^ (UO = Identity) 

7.1.2 Measurement Schedule 

The measurement schedule must appear immediately after the namelist 
ERRAN section. It appears on NENT cards. 

Each card defines an entry in the measurement schedule according to 
the following format! 

From DAY1 (F10.0) to DAY2 (F10.0), every X (F10.0) days, measurement 
code ITRK (110). 

The measurement codes are defined as follows: 


7-6 



ITRK 


= 1 Range rate (Idealized station) 

2 Range and range rate (idealized station) 

3 Range rate (station 1) 

4 Range and range rate (station 1) 

5 Range rate (station 2) 

6 Range and range rate (station 2) 

7 Range rate (station 3) 

8 Range and range rate (station 3) 

9 Three star-planet angles 

10 Apparent planet diameter 

11 Star-planet angle 1 

12 Star-planet angle 2 

13 Star-planet angle 3 

The total number of measurements must not exceed 1000, and measurement times 
must not coincide. 


Namelist GENRAL 

GP(6,6) 

Actual spacecraft position/velocity covariance matrix 

p» ( G p = p) 
o 

GPS(15,15) 

Actual solve-for parameter covariance matrix P^ 
(GPS = PS) 

GV(15,15) 

Actual measurement-consider parameter covariance 
matrix (GV = VO) 

GW(15,15) 

Actual ignore parameter covariance matrix 
(GW = identity matrix) 

GCXXS(6,15) 

Actual state/solve-f or parameter covariance matrix 

C* (GCXXS - CXXS) 

xx s 

GCXV(6,15) 

Actual state/measurement-consider parameter covariance 
matrix C^ v (GCXV = CXV) 

GCXW(6, 15) 

Actual state/ ignore parameter covariance matrix C^ w 
(GCXW =0) 

GCXSV(15, 15) 

Actual solve-for parameter /measurement-consider 

parameter covariance matrix v (GCXSV - CXSV) 

s 

GCXSW(15, 15) 

Actual solve-for parameter/ignore parameter covariance 
matrix Cx gW (GCXSW = 0) 

GCVW(15, 15) 

Actual measurement-consider parameter/ignore parameter 
covariance matrix (GCVW =0) 

EXI(6) 

Actual spacecraft position/velocity deviation mean 
x£ (EXI = 0) 

EXSI(15) 

Actual solve-for parameter deviation mean 5c g 
(EXSI = 0) 
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EV(15) 

EW(15) 

IGRPR 

IGDNF 

GDNCN(3) 

GMNCN(12) 

EVK 

EVS 

EVA 

EVB 

VARK 

VARS 

VARA 

VARB 


Actual measurement-cons ider parameter deviation mean 
v^ (EV - 0) 

Actual ignore parameter deviation mean w' Q (EW - 0) 

Namelist print code (IGRPR = 0) 

= 0 Do not print namelist GENRAL 
= 1 Print namelist GENRAL 

Actual dynamic noise flag (IGDNF = IDNF) 

= 0 Actual dynamic noise is zero 
= 1 Actual dynamic noise is not zero 

Array of constants used to calculate actual dynamic 
noise covariance matrix; must be specified if IGDNF 
equals 1 

Actual measurement noise variance for each type of 
measurement. GMNCN(l) refers to same measurement 
type as MNCN(I) (GMNCN - MNCN) 

Actual proportionality execution error mean (EVK = 0) 

Actual resolution execution error mean (EVS = 0) 

Actual pointing angle alpha execution error mean 
(EVA => 0) 

Actual pointing angle beta execution error mean 
(EVB =0) 

Actual proportionality execution error variance 
(VARK - SIGPR0) 

Actual resolution execution error variance 
(VARS - SIGKES) 

Actual pointing angle alpha execution error variance 
(VARA - SIGALP) 

Actual pointing angle beta execution error variance 
(VARB = SIGBET) 
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7.2 ERRAN Output Description 

The printed output of the error analysis mode is described in this 
section according to the following groups: input data, measurement output, 
eigenvector event output, prediction event output, guidance event output, 
and final insertion event output. 

7.2.1 Input Data 

The initial output consists of the following input data: 

(1) Namelist ERRAN (if IERPR i 0) . 

(2) Calendar date and Julian date at launch. 

(3) Final calendar date and Julian date. 

(4) Initial trajectory time in days (TRTM1) . 

(5) Definition of inertial frame (geocentric ecliptic) . 

(6) Initial spacecraft position/velocity state vector components 
and magnitudes in inertial, heliocentric, and rotating geo- 
centric coordinates, (In the last, the geocentric ecliptic 
x- and y-axes are rotating so that the x*-axis is along the 
sun-earth line.) 

(7) Lists of solve-for and measurement consider parameters aug- 
mented to the position/velocity state vector. Definitions 
of names appearing in this list are given below: 

RADIUS 1 Radius error of station 1 
LAT 1 Latitude error of station 1 
LONG 1 Longitude error of station 1 
RADIUS 2 Radius error of station 2 
LAT 2 Latitude error of station 2 
LONG 2 Longitude error of station 2 
RADIUS 3 Radius error of station 3 
LAT 3 Latitude error of station 3 
LONG 3 Longitude error of station 3 

RANGE Range bias of station 1 
R-RATE Range-rate bias of station 1 
ST ANG 1 Star-planet angle 1 bias 

ST ANG 2 Star-planet angle 2 bias 

ST ANG 3 Star-planet angle 3 bias 

APP DIAM Apparent planet diameter bias 

(8) Measurement schedule; measurement codes defined in section 
dealing with input description. 

(9) Schedule of eigenvector, prediction, and guidance events. 

(10) Initial P, , C^, P s , and V q covariance matrix partitions; 

defined in section dealing with input description. 

(11) Definition of structure of augmented sLate transition, obser- 
vation, and covariance matrices and their dimensions. 
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(12) Dynamic noise constants used to compute the dynamic noise 
covariance matrix if dynamic noise is nonzero. 

(13) Measurement noise for range, range-rate, star -planet angle, 
and apparent planet diameter measurements , 

(14) Tracking station locations, 

7.2.2 Measurement Output 

Measurement information is printed every IPRINT measurements. At 
such a time the following information is printed: 

(1) Measurement number and corresponding trajectory time. 

(2) Type of measurement. 

(3) Trajectory time t. i at most recent measurement or event 
(initial trajectory time). 

(4) Trajectory time t^ at present measurement (final trajectory time). 

(5) Initial and final spacecraft position/velocity components and 
magnitudes in inertial, heliocentric and rotating geocentric 
coordinates. 

(6) State transition matrix over the time interval [tk_i, tfc] » re- 
lating deviations in spacecraft position and velocity at time 
t-k-l to spacecraft position and velocity deviations at time t^. 
Note that transposed matrices are printed. 

(7) Diagonal of dynamic noise covariance matrix Q; represents un- 
modeled accelerations over the time interval t^] . 

(8) Observation matrix partitions H, M, and L, relating deviations 
in spacecraft position and velocity, solve-for parameters, and 
measurement consider parameters at time t^ to deviations in the 
observables at time t^. Note that transposed matrices are printed. 

(9) Measurement noise (covariance matrix R) . 

(10) Kalman gain matrix partitions. The K matrix is used in the fil- 
tering equations to compute the P, C XXs , and covariance 

matrix partitions. The S matrix is used in the filtering equa- 
tions to compute the P s and covariance matrix partitions., 

(11) Correlation matrix partitions and standard deviations at time 
t^, must before the measurement. The first group of correlation 
matrix partitions represents the correlation between spacecraft 
position and velocity and the variables listed in the left hand 
column; they are obtained by converting P, C^g, and Cxv into 
the corresponding correlation matrices and standard deviations. 

The second group represents the correlation between the solve- 
for parameters and the variables listed in the left hand column; 
they are obtained by converting P s and C x v into the correspond- 
ing correlation matrices and standard deviations. 

(12) Correlation matrix partitions and standard deviations at time t^, 
just after processing the measurement. See (11) above for defi- 
nitions of the two groups of matrix partitions. 
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7.2.3 Eigenvector Event Output 

At an eigenvector event the following information is printed: 

(1) Name of event and event time t ev . 

(2) Spacecraft position/velocity state vector at event time t ev 

in inertial, heliocentric, and rotating geocentric coordinates. 

(3) State transition matrix $, over the time interval [t. b ev ] , 
where t^.^ is the time of the most recent measurement or event. 

(4) Diagonal of dynamic noise covariance matrix Q; represents un- 
modeled accelerations over the time interval [tk-l> t ev ] . 

(5) Propagated covariance matrix components and the total covariance 
matrix at t ev . 

(6) Correlation matrix partitions and standard deviations at event 
time t ev propagated forward from time t^..^* See article (11) 
under measurement output for definitions of the two groups of 
matrix partitions. 

(7) Spacecraft position and velocity eigenvalues, square roots of 
eigenvalues, and eigenvectors at event time. 

7.2.4 Prediction Event Output 

At a prediction event the following information is printed: 

(1) Name of event, event time t ev , and time t p to which prediction 
is being made. 

(2) Articles (2) through (6) under eigenvector event output. 

(3) State transition matrix partitions 0, over the time interval 
[b e v» bp] • 

(4) Diagonal of dynamic noise covariance matrix Q; represents un- 
modeled accelerations over the time interval [t ev , tp] . 

(5) Propagated covariance matrix components and total covariance 
matrix at t p . 

(6) Correlation matrix partitions and standard deviations at time 
t based on prediction from time t ev . See article (11) under 
measurement output for definitions of the two groups of matrix 
partitions. 

(7) Spacecraft position and velocity eigenvalues, square root of 
eigenvalues, and eigenvectors at time t p . 

7.2.5 Output Preceding All Types of Guidance Events 

At any guidance event the following information is printed: 

(1) Articles (1) through (7) under eigenvector event output. 

(2) State transition matrix partitions over the time interval 
[b , b ev ] , where tg is the time of the previous guidance 
event (tg = t D if no guidance event has occurred previously). 
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(3) Diagonal of dynamic noise covariance matrix Q; represents un- 
modeled accelerations over the time interval [tg, t ev ] . 

(4) Propagated control covariance matrix components and total 
control covariance matrix at t ev , based on conditions just 
after the event at tg. 

(5) Control correlation matrix partitions and standard deviations 
at time t ev , just before the guidance correction is applied. 

See article (11) under measurement output for definitions of 
the two groups of matrix partitions. Eigenvalues and eigen- 
vectors are also printed. 

7.2.6 Linear Midcourse Guidance Event Output 

Two midcourse guidance policies are available: f ixed-time-of-arrival 
(FTA) and variable-time-of-arrival (VTA) . 

(1) State transition matrix over the time interval [t ev , t F ] where 
tp is the final time. 

(2) Guidance policy and variation matrix n relating position/ 
velocity deviations at time t ev to target condition deviations. 

(3) Target condition correlation matrix and standard deviations 
(covariance matrix W") immediately prior to guidance correction, 
together with eigenvalues and eigenvectors. 

(4) Guidance matrix r used to compute the velocity correction 
required to null out target condition deviations . 

(5) Velocity correction correlation matrix and standard deviations 
(covariance matrix S) . 

(6) The AV statistics: the eigenvalues of S, the trace of S and its 
square root, the eigenvalue ratios, the eigenvectors of S, the 
mean and standard deviation of the AV maneuver,, and the values of 
required AV corresponding to 90, 99, 99.9, and 99.99 percentiles. 

(7) Expected value of the effective velocity correction (a vector). 

2 2 o 2 

(8) The execution error model: o pro , CT res » a a » 

(9) The execution error correlation matrix and standard deviations 
(covariance matrix Q) . 

(10) Control (and knowledge) correlation matrix partitions and 
standard deviations just after the guidance correction at time 
t e v» together with eigenvalues and eigenvectors. 

(11) Target condition correlation matrix and standard deviations 
(covariance matrix W^") just after guidance correction is applied, 
together with eigenvalues and eigenvectors. 
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7.2.7 Final Insertion Guidance Event Output 

(1) Final insertion type: impulsive or finite burn, 

(2) If impulsive: 

(a) Final insertion AV in coordinates (from input) . 

2 9 2 2 

(b) Execution error model: a pro , ^es 9 a a» 

(c) Execution error correlation matrix and standard 
deviations, its eigenvalues and eigenvectors. 

(3) If finite burn: execution error standard deviations and 
correlation matrix from the covariance matrix Q = 0U O 0^ 
where 0 is the control-to-state transition matrix, and TJ 
is the diagonal input covariance matrix of thrust control 
parameters, with diagonal elements cr|, a jj, cj« 

(4) The control correlation matrix partitions and standard 
deviations just after final insertion. The position and 
velocity partition eigenvalues and eigenvectors. 

(5) The knowledge correlation matrix partitions and standard 
deviations just after final insertion. The position and 
velocity partition eigenvalues and eigenvectors. 

7.2.8 Additional Generalized Covariance Output 

The generalized covariance mode of ERRAN generates additional data 
which are output in conjunction with the normal output data at measurement 
and event times. The additional input data are also listed in the input 
data block. For each of the output data blocks described in sections 7.2.1 
through 7.2.7 the additional generalized covariance output is listed below: 

(1) Input data output: 

(a) Namelist GENRAL (if IGRPR i 0) 

(b) Ignore parameters are listed with the other augmentation 
parameters 

(c) Initial position/velocity, solve-for, measurement-consider, 
and ignore parameter deviation means 

(d) Initial actual covariance matrix partitions 

(e) Definition of structure of augmented actual covariance 
matrix 

(f) Actual dynamic noise and measurement variances 

(2) Measurement output: 

(a) Observation matrix N, relating deviations in the ignore 
parameters to the observables 

(b) Actual dynamic and measurement noises 

(c) Actual measurement residual mean and second moment matrix 

(d) Actual estimate error means and correlation matrix parti- 

tions just before and just after processing the measurement 
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Guidance event output: Generalized covariance analysis infor- 

mation relating to the execution of the guidance event is 
printed immediately after the standard EKRAN guidance event 
information has been printed. This standard guidance event 
output, which is described in the EKRAN output description, 
comprises the assumed guidance data in contrast to the actual 
guidance data generated by the generalized covariance analysis. 
The generalized covariance analysis guidance event output for 
a midcourse guidance event follows. 

(a) Actual propagated control covariance matrix components 
and the total actual control covariance matrix at t ev . 

(b) Actual position/velocity and solve-for parameter deviation 
means just before the guidance correction. 

(c) Actual control correlation matrix partitions and standard 
deviations just before the guidance correction. 

(d) Eigenvalues and eigenvectors of the position and velocity 
partitions of the actual posit ion/velocity control co- 
variance matrix. 

(e) Actual target state deviation mean, E[Sx r ], just before 
the guidance correction. 

(f) Actual target condition correlation matrix and standard 
deviations just before the guidance correction (2nd 
moment matrix W'”). 

(g) Eigenvalues and eigenvectors of actual target condition 
covariance matrix. 

(h) Actual velocity correlation 2nd moment matrix S’. 

(i) Actual velocity correction second moment matrix S f , the 
expected mean velocity correction, and the AV statistics 
as described in section 7.2.6 articles (6) and (7). 

(j) Actual statistical, or effective, velocity correction, 

,! E [AV 1 ] n . 

(k) Actual execution error mean, E[6AV ? ]* 

(l) Actual execution error correlation matrix and standard 
deviation (2nd moment matrix Q T )* 

(m) Actual position/velocity deviation means just after the 
guidance correction. 

(n) Actual position/velocity estimation error means just 
after the guidance correction. 

(o) Actual control (and knowledge) correlation matrix parti- 
tions and standard deviations just after the guidance 
correction. 

(p) Eigenvalues and eigenvectors of the position and velocity 
partitions of the actual position/velocity control (and 
knowledge) covariance matrix. 

(q) Actual target state deviation mean, E[6x ? *], just after 
the guidance correction. 
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(r) Actual target condition correlation matrix and standard 
deviations just after the guidance correction (2nd 
moment matrix W ,+ ) . 

(s) Eigenvalues and eigenvectors of actual target condition 
covariance matrix. 

7.3 ERRAN Sample Case Description 

Two error analysis cases performed by the error analysis program 
ERRAN will be described in this section to illustrate the operation and 
versatility of ERRAN. The two cases to be discussed are: 

Case E-l. Short (36 day) transfer time mission to the 
point with finite burn insertion. 

Case E-2. Long (118 day) transfer time mission to the 
point with impulsive insertion and gener- 
alized covariance analysis. 

7.3.1 Thirty-Six Day Mission to 

a) Input Data 

Table 7.1 is a copy of the input data for this case. The trajec- 
tory and state transition matrix information for this case is all contained 
on the trajectory file generated by the corresponding N0MNAL case. 

The IAUGIN array defines the parameter augmentation for this run, 
and indicates that there are nine consider parameters - the three station 
location parameters for each of the three tracking stations. The errors 
for these quantities are input in the VO array and are in a spherical co- 
ordinate system corresponding to the station location parameters (radius, 
latitude, longitude). The actual values used are consistent with a set 
of station location errors in the cylindrical co-ordinate system (radius 
from Earth spin-axis (r s ) , longitude (A) and z-height (z)). The uncer- 
tainties are * r = 4.05 meters, <^= 3.70 meters, * = 10,0 meters, and 

a correlation between station longitudes of p = .9. % , 

AA 

The number of entries in the measurement schedule, given in Table 7.1, 
is specified by NENT. 

The first row of the measurement schedule indicates that range-rate 
measurements from Station 1 will be taken once a day beginning at .042 
days and ending at 1.0 days (so only the single measurement at .042 days 
is made). The other rows are interpreted in similar fashion. The measure- 
ments are seen to divide into three groups. The first group is eleven 
measurements, once an hour from one hour through eleven hours after injection 
prepatory to a midcourse maneuver at 12 hours. The second and third groups 
are similarly prepatory to m dcourses at 5 and 31 days respectively. 

The variables NEV1 and Tl indicate that an eigenvector event will 
occur at 26 days, while NEV2 , T2 and TPT2 indicate that a prediction event 
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6ERRAN 

P( 1 ,1) = . 284*. 174.-. 115, 2. 270-4, 2. 0020-4 ,-1.3130-4, 
P < 2 » 2 ) =2.9, ,0?2,-i .5439D-3.4. 171 1D-3.5.98D-5, 
P(3*3) =2 .283 ,-2.8650-4, 1.727D-4, 2, 53510-3* 

P ( 4 , 4 ) s 1 <, 96450-3 » -l.lBOlD-3, -1.7880-4. 

P (5*5) s7. 0810-4, -2. 8470-4. 


P < 6, 6) =2.65030-3. 

VO ( 1,1 >=4,44329840-5. 

VO (2.2) =1,77309110-12. 
VO (3,9) =4,56259770-13. 
V0(5,4)=6.4769909D-9, 

VO (6.9) =4,88587080-13. 
VO (7.8) =-6.18909800-9* 
VO (9,9) =5,06497370-13. 
N£NT=21, 

MNCN < 4 ) = 1 , 6666666 70-14, 
MNCN (6) =1 ,666666670-14. 
MNCN < 8 ) = 1 , 6666666 7D- 1 4 , 


VO ( 1 « 2) =6* 1946257D-9, 

VO (3. 3) =5, 0741 3640-1 3* 
VO (4. 4) =5. 15428940-5. 
VO (5, 5) =1.59792640-12, 
V0(6,3)=4. 89020810-13, 
V0(8»7)=-6. 18909880-9, 
VO <9, 3) =4.56259770-13 » 


VO (2 » 1 ) =6. 1946257D-9, 

VO (3.6) =4.8902881 D-13, 
VO ( 4 ♦ 5 ) »6.4769909D-9, 

VO ( 6»6> =5.8186433D-13» 
VO (7.7) =4.43324620-5, 
VO (8.8) =1 .7755676D-12. 
VO <9»6)=4.8858708D-13, 


SEC I *34. 


IYR=1974, IM0«8» IDAY=14» IhR=16, IMIN= 8, 

NEV1=1, Tl=26, , 


NEV2=1, T2= 1 »5 » TPT2=5. , 

NEV3=3, T 3*. 5, 5. *31., 

SIGRES=l.b-10» SIGPR0=1 .0-4 , SIGALP=3. 430-4, SIG8ET=3. 430-4. 

ICOT 3= 1 9 1 9 1 9 


NEV4*1, T4= 34 ,54 71 90 13. BRNT IH=1 .45280987, IPRINT*10. 

IAUGIN=9»1, 

U0(2»2)=3. 430-4, UO (3.3) =1 .D-4. 


00(1. 11=3.430-4, 
&ENO 


« 042 
.083 
.125 
.167 
.208 
.25 
o292 
.333 
.375 
.417 
.458 
« 6 
.8 
1.0 
1.2 

1.4 
25.0 
25.2 

25.4 
25.6 
25.8 


1. 

1. 

1 . 

1. 

1. 

1 . 

1 . 

1 . 

1. 

1 . 

1 . 

4.6 

4.6 
4.6 
4*6 
4.6 
30.5 
30.5 

30.5 

30.5 

30.5 


1 9 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1 • 
1. 
1. 
1. 
1 ® 
K 


3 

3 

3 

3 

3 

7 

7 

7 

7 

7 

7 

7 

S 

3 

3 

7 

3 

3 

7 

5 

5 


Table 7-1. ERRAN Input Data Case E-l 
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will occur at 1,5 days and predict to 5,0 days. Three guidance events are 
scheduled at 0.5, 5.0 and 31.0 days as indicated by NEV3 and T3. The 
ICDT3 array specifies that all three maneuvers are fixed time of arrival 
(FTA). The values of NEV4, T4 and BRNTIM indicate that there is a finite 
burn insertion maneuver, when it begins and its duration. 

The spacecraft injection covariance matrix is given by P and is sim- 
ilar to a typical Delta TE-364-4 injection covariance for a RAE-B mission. 
No initial correlations are assumed so that the initial value of CXV is 
zero. The measurement noise statistics for this case are given by the 
MNCN array. The values of SIGRES, SIGPR0, SIGALP, SIGBET and VO specify 
the execution error statistics for the impulsive midcourse maneuvers and 
finite burn insertion maneuver respectively. The code IFRINT indicates 
that every tenth measurement will be printed out. All other variables 
take on their internally specif ied values . 

b) Discussion 

The mission analyzed here is a 36 day transfer from Earth parking 
orbit to insertion at the Earth-Sun point using a finite burn. Given 
the large injection errors inherent in a Delta TE-364-4 launch, the first 
midcourse maneuver must be performed almost as early as possible. The 
first maneuver is scheduled for 12 hours after injection. The expected 
value of the maneuver is about 27 meters/sec but fuel for a maneuver of 
about 85 meters/sec must be loaded to allow for all but the worst one 
per cent of possible maneuvers. Due to the assumed execution errors ( 1 % 
proportionality and 1.5 deg pointing) and the size of the first maneuver, 
sizable execution errors occur which are removed by the second midcourse 
planned at five days. The expected value of this maneuver is less the 
one meter/sec, with the 99 percentile value about 2.7 meters/sec. The 
third midcourse is scheduled five days before arrival at the L point 
and is much less than one meter/sec in size. 

The final insertion burn is modeled as a finite burn and is about 
1.453 days long. Given the length of the burn and its size (effective 
AV = 374 meters/sec) the uncertainties in spacecraft control and knowl- 
edge after insertion, are totally dominated by the execution errors, with 
res -Iting RSS position errors of 582 kilometers and RSS velocity errors 
of 9.53 meters/sec. 

7.3.2 One hundred and Eighteen Day Mission to 

a) Input Data 

Table 7.2 is a copy of the input data for this case. Many variables 
are quite similar to the corresponding ones in the previous case and so 
will not be discussed. Again three midcourses are planned at 0.5, 5.0 and 
113.0 days, the last one being arrival minus 5 days. For this case the 
ICDT3 array specifies that the first maneuver is to be fixed time of 
arrival (FTA) , while the last two will be variable time of arrival (VTA) . 
The values of NfiV4 and T4 with the absence of a value for BRNTIM (default 
value = 0.) indicate that the final insertion event is to be impulsive 
with value of the AV given by REXV. 
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IPR0B=118» 

P <1»1)*2.9,.174,. 073, 4.17110-3, -1.5439D-3, 5. 980-5, 

P( 2,2) =.284,-. 115.2, 0020-4, 2.270-4, -1,3130-4. 

P 1 3.3) =2*283. 1 .727D- 4. -2, 8650-4. 2 *535 10-3. 
p (4.4) =7*8810-4.- 1.180 10-3. -2*8470-4, 

P (5.5) =1.96450-3,-1.7800-4. 

P (6.6) =2*65030-3, 

VO ( 1 ,2 ) =6* 1946257D-9. V0(2,l>=6. 

V0(3»3)=5. 07413640-13, V0(3,6)= 

VO (4, 4)=5. 15428940-5, V0<4.5>=6 

VO (5,5) =1*59792640-12. V0(6»6)=5 

VO (6.3 >=4*89028810-13. V0(7.7) 

VO (8, 7 y =-6.18909880-9, VO (8,8) = 
V0<9,3)=4. 56259770-13, V0(9.6)= 


VO U . 1 ) =4. 44329840-5, 

VO <2 .2) =1.773091 10- 12. 

VO (3.9) =4.56259770-13. 
V0(5»4)=6.4769909D-9, 

VC (6,9) =4.88587080-13, 

VO (7.8) =-6. 1890988D-9. 
VO(9*9)*5.0649737D-13» 
N£NT=21, 

MNCN (4 ) =1,666666670-14* 

MNCN (6) =1,666666670-14, 

MNCN (8) =1 ,666666670-14. 
IYR=1974, I M0= 11* IDAY=4. 
NEV1 = 1, Tie 108. , 

NE V2=l « T2= 1,5, TPT2=5* , 

NEV3=3. T3=.5,5*»113,. 


19462570-9, 

4.89028810-13, 

,47699090-9. 

.81864330-13, 

4,43324620-5. 

1.7755676D-12, 

4.88587080-13, 


IHR=22, IMIN=21, SECI-3. , 


SI6RES=1 ,0-10. S16PR0=l,D-4. 

IC0T3= 1,2.2. 

R£XV<1)=. 015965. -.285378. -. 
NEV4=1. T4=ll8, » IPRINT=10, 


IGEN=1 . 

IAUGIN=9*1 , 

&END 

•042 1 . 1 . 
.083 1. 1. 
.125 1 . 1 . 
.167 1 . 1 . 
.208 1 . 1 , 
.25 1 . 1 , 
.292 1 . 1 . 
.333 1 * 1 . 
.375 1 . 1 , 
.417 1 . 1 . 
.458 1 , 1 . 
*6 4.6 1 . 
.8 4.6 1 . 
1.0 4.6 1 . 

1.2 4.6 1. 
1 o 4 4.6 1. 
107. 112.5 1. 

107.2 112.5 1, 
107.4 112,5 1. 
107.6 112.5 1. 
107.8 112.5 1. 
&GENRAL 


SIGALP=3. 430-4. 
037971, 


5 

5 

5 

5 

5 

5 

5 

3 

3 

3 

3 

3 

7 

5 

5 

3 

7 

5 

5 

3 

7 


SIGBET=3, 430-4. 


GVU.l ) =4.44329840-3. 
GV (2,2) =1,773091 10-10. 
6V(3»9)=4.5625977D«11, 
GV (5, 4 >=6,47699090-7. 
GV (6, 9) =4, 88587080-11. 
GV (7,8) =-6. 18909880-7. 
GV (9,9)=5.0649737D-11. 
S.ENO 


GV(1*2)=6.1 946257D-7. 

GV (3.3) =5. 07413640-11. 
GV (4.4 >=5.15428940-3, 
GV (5, 5) =1,59792640-10. 
GV (6. 3) =4.8902881 0-11, 
6V(8,7)=-6.1890988D-7. 
GV (9 .3) =4.56259770-11, 


GV(2»l)=6.1946257D-7» 

6V (3,6) =4.89028810-1 1 » 
GV (4.5 >*6.47699090-7, 

GV (6.6) =5.81864330-1 1 » 
GV (7.7) =4,43324620-3. 
GV (8. 8) =1,77556760-10, 
GV(9.6)*4.8858708D-11, 


Table 7-2. 


ERRAN Input Data Case E-2 
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The flag I GEN indicates that this is to be a generalized covariance 
run with the GENRAL namelist indicating that all actual parameters will 
have the same values as the assumed parameters with the exception of the 
station location errors whose actual standard deviations are ten times the 
size of the assumed ones. 

b) Discussion 

The mission considered here is a 118 day transfer from Earth park- 
int orbit to insertion at the Earth-Sun L 2 point using an impulsive burn. 

The first midcourse in this case is far larger than the corresponding one 
for the previous case, primarily it is believed, due to an unrealistically 
oriented injection covariance. For this reason the subsequent maneuvers 
are also larger although this is due also to the longer propagation arcs 
involved. 

Of greatest interest in this run however is the use of the generalized 
covariance option. The actual station location errors are taken to be ten 
times larger than the assumed errors, which lead to actual knowledge uncer- 
tainties larger by a factor of two or three than the assumed knowledge. As 
soon as the guidance maneuver is performed, however, the execution errors 
are dominant and must be tracked out. At the second guidance event the 
difference between actual and assumed is a factor of six to ten, indicating 
that now the dominant limiting factor in the knowledge is the station loca- 
tion errors. At the third guidance event the significant error source for 
knowledge is seen to be the station location errors, which however is 
dominated by execution errors. The execution errors of the final insertion 
AV amount to about 8.1 meters/sec and thus are the dominant final error 
source . 
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APPENDIX A 

Selected Sample Output from NOMNAL 


A-l 



CASE N-l 

Short (36 day) Transfer Time Mission to the 
Point with Finite Burn Insertion 


A-2 



«••»««»«»«»«»•»•«»»«»«»«»«•• •«»«««<><<){)«««»« ****** <MM> so O O 0506 OOltttttttlHHHfOO* a* 00*00*0 tHtOO •»*#**«**»<»«* 0*5*0** 

INITIAL CONDITIONS (FROM TABLE) 

TRAJECTORY OATa 


INJECTION DATE 3442238.17? - 7/ 9/197* 16. B. 0 

FLIGHT DURATION 36.000 

ARRIVAL DATE 2442274.17? - 8/14/1974 16. 8. 0 

LIBRATION POINT 1 

STATE AT L-POINT -0. 1 181 24050+07 0.951759340+06 0.486835770+01 

-0.957301750-01 0.966008990-01 0.436462130-06 

central body earth 

, NO • OF BODIES 2 

body no i earth 

BODY NO 2 SlJN 


> 

vJj 



6 * iH> ® ® 4 4? 4® 44i>4 4 4 & ®® a 4 4 4 ® 4 4 4 0 4 4 4 4 4 4 4 * 444444 44 O & OO 44 0 4 4 00 4 0 44 4 44 4 © 4 4 4 4 4 4 4 4 4 ft 4444 * 4 (5 4 ft 4 44444444004434.444444 4444440 

LL-UlR«arjON POIn.T TftfiJtCTORY TARGETING 
ITERATION NUM3ER 1 
NEWTON-RAHHSON TARGETING ALGORITHM 

44»404444c44444444«4»o444444«4444o444*o444*»44444444444444*444444444«444444e444444444444444044a440444444044444444444040oao44444ooeoo 

TARGETING EVENT at JULIAN DATE 2442274.172223 

DESIGNATED TARGET TIME at JUIIAN Date 2442239s 172223 

SPACECRAFT STATE VrCTOR AT INITIAL JULIAN DATE 

X-tOWP v-COMP 7-COMP VX-COMP 

GEO-EC -0 *119124 05191 90 *07 0 , 95 1 7503*55860* 06 0 . 4068357679 1 6D* 0 1 -0 , 95 730 1 7451 780-0 l 

GEO-FO -0*1101240519190*07 0.873194318*620*06 0 , 3786430 1 06 760* 06 -0.9673017451790-01 

SPACECRAFT STATE VECTOR AT TARGET JULIAN DATE 

X-COMP Y-rOMP 7-COMP VX-COMP VY-COMP V7-C0MP 

GEO-EC -0.89211 76 34 4210*09 0 . 132925602ei020* 06 0 . 7? 8279422 1 060* 0 0 -0 . 1609473235130*0 1 0*1452903607840*01 0 . 843275 i 079260-05 
OEO-EO -0.9921 1 76344210*09 0 * 12195626 1^520*06 0.5280368114710*05 -0,1609473235130*01 0 , 13329762691 \ D*0l 0,5700165739210*00 



CONTROL VARIABLES 

T&PGET VARIABLES 

ACTUAL TA«GFT VALUES 

TARGET error 

target tolerances 


VX 

RCA 

U.6?R476866O50D*O4 < KM) 

0,2752313394180*03 

O.lOOOOOOOOOOODoOl 

> 

VY 

ICA 

0,2-J44aft903691D*0? t DEG > 

0,4075109630^30*01 

0.100000000000D-02 

4 

VZ 

T C A 

0.?44?237S6S19D*07 ( DAY) 

0,6070319260470*00 

0, 100000000000D-04 


differential transformation matrix - {Parttals target variables wrt final eq-state vector) 

0, 2992706886700*00 0 „ 245 1 1 8272?9*D* 0 0 q . 1 062898*44 1 00 ♦ f\0 -0.23492455742 00*05 -0 . 14688 720 73760* 05 »0 . 63694 1 9052800*04 

0oP 27904B55782D-09 -0 . 48436 3263 n 3«D-0^ 0 . 1 11 7 0 n?5374AD-02 -0.4893033099180-04 0 . 2862647 0728 00* 0 2 -0.6601599272070*02 

0*1045491014730-05 -0.4585542107450-0* — 0, 19884) RQ6050D”05 -0 . 356370026655D-02 0*1896 889811340*00 0,0225440171400-01 

STATE TRANSITION MATRIX - (PARTIAL S OF EARTH INJECTION EC-ST A TE WN T EC-STATE AT LIBPATION POINT) 

0,4707274723580*01 -0 . 4 023377 1 3&84D* 0 1 -0 • 2?45?457394?D-04 -0.756633560*660+07 0.5874024186920*07 

-0.4798100236910*01 0 .41 0 129070^^60*0 1 0,2285785511540-04 0.6718952706210*07 -0 . 71 50 0 0 3653 1 OD* 0 f 

-0.2697931676010-04 0.2303082474690-04 -0 . 1 1 0976452 1 32D-0 1 0 . 37678 1 44?2620* 02 -0.3418794369520*02 

-0.2853084409910-04 0 , 252645 1 O0PO6O-O* 0 , 1 405 1 1 7904R8D-09 0.3991057304200*02 -0 ,44 0943634 1 4qQ+ 02 

0.4102318309690-04 -0,3480722134300-04 -0 . 1 993795863790-09 -0.6461130367990*02 0 .53992723 1 702D + 02 

0,2358725306910-09 -0 , 2020864447 040-09 0 . 0937*57334730-06 -0,3640556*22540-03 0.3429160670410-03 

TARGET SENSITIVITY MATRIX - (PARTfALS 01- TARGET VARIABLES WRT CONTROL VARIABLES) 

-0.6977083485110*05 -0.2150654853410*06 -0 . 9B 1 1 40 90349 1 D * 0 0 
-0. 7645989654720-02 0 . 1 0207 0 756 ) 6 SD-O 1 -0.7784040190920*03 

-0*5499350205670*02 0.53198080*8560*02 0 . 2906360 1 734 1 D-03 

TARGETING MATRIX - CINVfASF OF THp SENSITIVITY MATRTX) 

-0 o 3413881693900-05 -0 . 0692*2*557920-0* -0 . 1 3B5273868 07D“Q 1 
-0.3529090794630-05 0 . 6 1 200 1 0269940-0 & 0 . 44 77404 7827 1 D-02 

-0,1274309214480-10 -0.1284679903240-02 0.1947820201000-06 

PREOICTEO CONTROL CHANGfS 

CONTROL VARIABLE CHANGE 

VX -0.9348666232660-02 

VY 0.1 746638896520-0? 

VZ -0.62620^0637360-02 


updated initial ec-statf vectob 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP 


0 ,3?34* 78809620* 02 
-0,3337271460900*02 
-0.1035620562700*07 
-0.2421416713100-03 
0 . 33428368 73320- 03 
-0.6705151] 14l7D*0t 


VY-COMP VZ-COMP 

0,9660089899480-01 0.4364621259230-06 

0,8862719930070-01 0,30431 14904250-01 



-0.1101240518190*07 0.9<51759335Gqfi0*06 0 .486ft3<>7679 160* 0 1 - 0 . 1 050788407500* 00 0. 9034753789130-01 -0.626P40417523B-02 

TOTAL CHANGE TO THE CONTROL VftRlAOLFS A* - TER 1 ITERATIONS 
CONTROLS VARIABLES TOTAL CHANGE 

VX -H.934866623266B-02 

VY 0.174663BB96S20«(1? 

VZ -0,6262840637360-0? 



ooe»*o*««oo*««e<to*o***««' 0 <n>oo»»«o»»®®o«»tt*« 1 ) e««>*»»»» 0 ««*««*»»**»»* 0 »<** 00,, ****® < ‘*®** 0 * att **®* 8# ********* ,> * # * # **® # ****® 0 **^®* 6 ****** 0 ® <> * 

Ll-LIRRATION POlMT TRAJECTORY TARGETING 
ITERATION NUMBER 2 
NEWTON-RAPHSON targeting ALGORITHM 

^H»*«***o*««^n> 6 ••^Mnn>«**^nnH^*»**^HH^»^> 0 o** 6 ^^«e«»e^^®*o««<^**®®***«»®*"*«**»»»*® 08 * 0 ***®®®* 6 «® 0 ® o **•**®* ,>s00 *“*•®*®•**®*** # ®******* 9# *•** 


3 * 

d k 


SPACECRAFT STATE VFCTOR AT TaRgFT JULIAN DATE 
X-COMP y-COMP 

GEO-EC 0 1 7910648185090+04 0 .831 1 976521 740+ 04 0. 

GE0-E9 0.7910646185890+0* 0 . 7 1 0000*938 1 70* 04 0. 


7-COMP 

112061267054D+04 

4334671017220*04 


VX-COMP 

-0 .8845222760650+00 
-0,8845222760850*00 


VY-COMP 

0.6253225618060+01 

0.731654470*400+01 


VZ-COMP 

0,6421136616680*00 

0.3872494889770+01 


COnTPOL VAHIABLFS TARGET VARIaRI ES ACTUAL TARGET VaLUES 

VX RCA 0, 6650909868 46 D* 04 « KM) 
VY ICA 0,28372269258*0+02 ! DEG) 
VZ ICA 0,244?23R157?2D*07 ( DAY) 


TARGET frrok 
-0.909oo 86845R7D*02 
-0.5426025835240-01 
0.1bOoo6935000D-01 


target tolerances 

O.IOOOOOOOOOOOD+Ol 

O.lOOOOOOOOOOOO-O? 

O.lOOOOOOOOOOOb-04 


0 1 FFf RENT I AL TRANSFORMATION MfttRlr - ( PAR T I ALS OF TARGET VARIABLES WRT FINAL EG-STATE VECTOR) 

0. 1262361366800+01 -0. 1046919156320+OU 0 .21 B40S 1 0?P390-n 1 -0,1433047901900*04 0 .5070 279951 49D+03 
-0,7149806759980-04 -0 . 63061 93R80 noO-O 3 0 . 1 1 751 371 909OO _ O2 -0 . 296352557 1 36D+00 -0 .261 3B5643740D+0 1 
-0. *674063508960-06 -0 .82728986 1 7500-OP -0 .472390458294D-06 »(i . 7 0 90266754850-03 0 . 225276997052D-02 


0.18*6988372440*03 

0,4670830644650*01 

0.1165775564760-02 


STATE TRANSITION matrix - ( PAR I J ALS OF EARTH INJECTION EC-STATE wHT EC-STATE AT L I6R AT I ON POINT) 

0,?71 085576972D+01 -0 . 23570554 0691 D. 0 1 -0.1754942445710-01 -0 . 4 1 4794 161 358D+ 07 0 . 3639 1 0 0 053970+ OT 

-0.2698332378400*02 0.2225405997020+0^ 0,1529483651920*00 0 . 37730 7 034 193D* 08 -0.3666819224410*08 

-0.2020400507020*01 0.1731269626410+01 -0.1206390238440-01 0 . 2935325866440*07 -0 . 2850457570400*07 

0.6636043722300-02 -0.5603732)26180-02 -0 . 380 031 61 2498D-04 -0.9549844773620*04 0,9169702991780*04 

0.6896505366470—0? -0 . 589660630 ottD -02 -0 . 3060 199? 1 974D-04 -0 . 996623377 1 69D+0* 0 .97784943929TD+04 

0.9303177600380-03 -0.795556950*3*0-03 -0.1330617075530-04 -0 . 1 34333293492D+04 0 . 1 321 3 76507 1 7D+04 


0.6022337696770+05 
-0,7222437135320+06 
-0.2360 130392790+06 
0.1631001473990+03 
0.2099453043650+03 
-0.7511293092530+02 


TABGFT SENSITIVITY MaTRtX ” t P ART T AI.S OF TARGET VARIABLES *RT CONTROL VARIABLES) 
-0. 7*07973431320+05 -0 . 2 l O0330H7296O+ Oo -0 , 2 1 1 1 1 5 1 396 1 40+ 05 
0.2617573164560+02 0 .8626394? U7 3 00+ 02 -0 , 8O2430??O680D* 03 

-0. 5278327703990+0? 0.51010641317*0+02 0 . 1 0 60H?S086O 0O* 0 1 


TARGETING MATRIX - (INVFPSE <JF the SENSITIVITY MATRIX) 
-0.3315091814060-05 0.6041493516970-04 -0.141320710.3890-01 

-0.3366439065860-05 0 . 95 150720524 on-04 0 . 49 0 ?3?l 4 09890-02 

-0.4702601000950-06 -0. l23374l??339D-02 0 . 66 0 1912726B 7D-04 


PREDICTED CONTROL CHANGES 

CONTROL VARIABLE CHANGE 


VX 

0,A<=i743b9467320-04 

VY 

0*37459*613*290-03 

v2 

0,n 069^655924D-03 


updated initial fc-staTf vector 

X-COMP Y-COMP 

-0.1)01240510190+07 0.95 17693365060+ OP 


7-COMP 

0,4660357679160+01 


u y _ r r ) u P 

- 0 * 1049930971560 * 


VY-COMP 

0,9*72213*70510-01 


VZ-COMP 

-0,6)51706510310-02 


TOTAL CHANGE TO THE CONTROL VaRIArlFS AFTER 2 ITERATIONS 
CONTROLS VARIABLES TOTAL CHANGE 

VX -0,R2629?26379dO-0? 

VY 0,2121237710350-0? 

Ml -n,M* 21429 A 1440-0 2 
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Ll-LIeRATION POInT TRAJECTORY TARGETING 
ITERATION NUMBER 3 

newton-raphson targeting algorithm 


SPACECRAFT STATE VfCTOR AT T xRGET JULIAN DATE 

X-COMP y-COmP 7-COMP VX-COMP 

GEO-EC 0 •5305247395610*04 -0.3746535133240*04 -0 . ?3O0ft?4430 67D+02 0 . 630330 34Q638D+ 0 1 

0EO-FO 0 .53852473956 10*04 -0 , 342ft 130346270+ 04 -0,1511593697650+04 0 . 630 330 34 Q638D+ 0 1 


VY-COMP 

Q*90254iS4577BlD + 01 
0.78502202987BD+01 


V7-COMP 

0.1081552640600+01 
0 *45 820820867 10 + 0 1 


CONTROL VARIABLES 

target variables 

ACTUAL TARGE T VALUES 

TARGET ERROR • 

target tolerances 

VX 

RCA 

0,6560317114900+04 i 

( KM) 

-O.3171)A901?1OD+OO 

o. loooooooonooo + oi 

VT 

ICA 

0.2831762434170+02 ' 

( DEG) 

0.3756SRRA903AD-03 

O.IOOOOOOOOOOOD-O? 

VZ 

ICA 

0.2442230172200+07 ■ 

( day) 

0 # 201li 91 0998 Al)“ 04 

O.IOOOOOOOOOOOD-OA 


DIFFERENT 1 AL TRANSFORMATION MaTRIv - (ParttALS nF TARGET VARIABLES WRT PINAL EU-STftTE VECTOR) 

0.8192U399750D + 00 -0 .5246374408730+00 -0 .231 62911 40900+oQ -0 . 14235 1 2H3830D+ 0 1 0.9116415803870+00 0 . 40249239 19l 3D+00 

n.??5330937447n-03 0 .20050 17 1 90040-02 -0 . 37444 0 1 p ] 066D-O2 -0.2398559234070*00 -0 .2134261964920+0 1 0.3985769407170+01 

-0. 1196307636190-05 -0 . 1 49460465?73O-O5 -p ,877351 000907D-Q6 -0,1020075832910-02 0.687200752197D-03 0.2905254175520-03 


STATE TRANSITION -MATRIX - (PARTIAL* Of LaRTH INJECTION FTC-STATE WRT EC-STATF AT LIBpATION POINT) 


-0.199236579995n+02 
- D.2R4 3248496 A7D + 02 
-0.3410516348200+01 
0 . 24 3U4451 052*n-0 1 
-0.1684890209430-01 
-0.9408928669510-04 


0, 1700708357090+02 
0. 2437026624030+02 
0,2915813511740+01 
-0,2075350676030-01 
0. 1441992157100-01 
O.B55D6O8P8503D-O* 


0.10959)6605950+00 
0.1611437647110+00 
0,1393044086090-01 
-0,1337139786290-03 
0 .977457653658(0-04 
-0.2097378664160-04 


0,2867784682290+06 
0,4119480596340+06 
0.4931156473180+07 
-0.350566730580D+05 
0,24466116) 1710+05 
0.1615199278110+03 


-0 .2833586880660+ 08 
"0.401931 Oft 068 2D ♦ 0 8 
-0 .4830629133320+0 7 
0.3448139039060+05 
-0.2376785464120+05 
-0.1099977342290+03 


-0. 5884400556850+06 
-0.8067572053810+06 
-0,9423625675150+05 
0.7164607356190+03 
-0,4562904607650+03 
-0.1753454030460+03 


target sensitivity matrix - (parttals op target variables wrt control variables) 

-0.7561390758030+05 -0.217555907471 0+06 -p . 7 0 745079 1 0 1 3D+ 05 
0.2612531892740+02 0 . 858 795653ft57D+ 02 -0.8070179738390+03 

-0.57768 39 <+04060 + 02 0 . 5 1 7 05635 1 5700 + 02 Q . 1 049356^77 1 1 D + 0 1 


TARGETING MATRIX - (INVERSE OF THE SENSITIVITY MATRIX) 
-0.3734049734860-05 0,3725731530140-04 -0 . 1 4 1 3995 05^8 1 D"0 1 

-0.3793072207830-05 0 , 975 U 959 1 7500-04 0.4900363056860-07 

-O.460379423545D-O6 -0. 1225 7 90E 27070-02 0 .64273670 10540-04 


PREDICTED CONTROL CHANGES 
CONTROL VARIABLE 
VX 
VY 
V7 


CHANGE 

0.7981596190600-06 
0.1709039201420-05 
-U. 3106593032650-06 


upoatfo INITIAL EC-STaTf VECTOR 

X-COMP r-COMP Z-COMP VX-COMP vy-comp VZ-COMP 

-0.1181240510190+07 0,90)7593^55*60+06 0 . 486ft 357679 1 60+ 0 l -0 . 1 0 49922909960 * 0 U 0 . 9872334654430-0 1 -0,6152017170610-02 

TOTAL CHANGE To THE CONTpOL VarTAhLFS A^TEP 3 ifFRAHONS 
CONTROLS VARIABLES TOTAL CHANGE 

VX -0,9292124470760-02 

VY 0.2122447549550-02 

VZ -0,6152453640740-0? 



Ll-LIRHATTON POINT TRAJECTORY TARGETING 
ITFRATTON NUMBER 4 
NEWTOM-RAPHSON TARGETING ALGORITHM 

«0e««4*»««O«4HMM>««4«*« *»<>«»«« <H>«0«»« ««*»««*« *H>«*«<H><MMM>»*itt>«<H» 0##»**** a****#**##****##**# <HMH* ##» »**<># «■»#»«»*»******* * ****<><* * 

SPACECRAFT STATE VfCTOP AT TaRgFT JULIAN DATE 

X-rOMP v-rOMP 7-COMP VX-COMP VY-rOMP V7-C0MP 

Ht‘0— FC 0.5374032G45B9U+04 -0 , 376?0 ] 4*3* 1 Hn + 0 4 -0 . ?4ttfl6404 1 f, 99D+02 0 . 63 1 679723246D *0 l 0 , 9 0 1 63 *4 1 S 1 550 * 0 1 0 . 1 0 0 1 *0 0 *50 7 1 0 *0 1 

GFO-FO u m S37403?*>45PRO*04 -0 . 344 ] SQ3Ob4*9D*04 -0 . 1*1 94750435*0+04 0 • b J 1 *797232460 + 0 1 0 . 7fl4 18S 1 9300flD + 0 1 0 ♦ 4579305^1 0??D*0 1 


control variables 

TaRGFT VARIa^I fs 

actual target values 

TaRGFT error 

Target tolerances 

vx 

RCA 

0.6G*0000023?40*04 l KM> 

-0.2323*10070750-04 

o. loooonooooooo+o 1 

VY 

I C A 

0.2*31 600401530+0? ( DEG) 

-0.1531502391570-07 

0. lOOOOOOOOOOOD-O? 

V/ 

»CA 

0.244P238172??J+07 ( DAY) 

H. 1210719347000-07 

0.1000000000000-04 


CONVERGENCE HAS OCCURRED AFTER 4 JTERAi IO^S. 

THE TOTAL CHANGF TO THE CONTROL VARIABLES IS COMPUTED TO BE 
DELTA- VK = -0.92**i2447H36n-n? 

DELTA- VY =: 0.?12?447S4955n-n2 

DELTA- V7 = -0.61s24S364074n-n2 


> 



H-LIrHATION POINT TRAJECTORY TARGETING 
ITERATION nuMRER 1 
NEWTON-R APHSON TARGET TNG ALGORITHM 


TARGETING EVENT M JULIAN DATE 2442274 , 1 7?2?3 

DESIGNATED TARGET TIME AT JU| TAN UATE 244? 2 38 . 1 72223 


SPACECRAFT STATE VrCTOR AT ImTTUL JULTAN OATF 

X-COMP Y-COMP 7-COMP VX-COMP 

GEO-EC “0*118124051. 0190*07 0*9617593355060+06 0.4^60357679160*01 -0 . 1 023585655660 ♦ 0 n 

GEO-EO -0*1181240518190*07 0 *873 1 9q31 04620 +06 0 , 3706430 1 0676D + 06 -0 * 1823585655660* On 

SPACECRAFT STATE VrCTOR AT TaRgFT JULIAN DATE 

X-COMP Y-COMP Z-COMP VX-COMP 

GEO-EC -0.65229499200 30*05 0 * 1 1 4? ?? 4? 1 *1 70 + 06 0 . 570 1 60 762622D ♦ 04 -0,16 0791 0541660*01 

GEO-EQ -0*6522949920030 + 05 0* 1024 942219650 + 06 0 * 5074 569320 69D + U s -0,160791 0541660*01 


VY-COMP 

-0,231 1004289460+ On 
-0*2121021184770+00 

VY-COMP 

0 * ) 6999730464] 0*01 
0,1539169426750+01 


V7-COMP 

-0,9570620468130-05 

-0,9198250435470-01 

V7-COMP 

0*5149509560090-01 

0,7235451487310+Or 


CONTROL VARIABLES 

Target vapiari fs 

ACTUAL TARGET VALUES 

target error 

target tolerances 

ALPH 

RCA 

0.6060052505720+04 

( KM) 

-0.1008525057230+03 

o.ioooonooonooD+O] 

BETA 

ICA 

0.2ft?63?24l4l2[>*0? < 

( DEG 1 

0.5477505079510-01 

0*] OOnOOOOOOOOD-O? 

tbwn 

1 CA 

0.244?2377l610U+n7 

( 0 A Y 1 

0*4561230 004030+00 

o. ioononooooonn-04 


NOMINAL THRUST CONTROLS F()P THE CUopENT TRAJECTORY 
CONTROL VARIABLES CONTROL VALUES 

ALPH 0.2^6df>?,?7Rs74o + 03 
BETA Oo 1030469805570+01 
TBRN 0, 125231 7903670+06 


DIFFERENT I At TRANSFORMATION MaIRIv - (PARTIALS OF TARGET VARIABLES WRT MNaL EU-STatE VECTOR) 

0*31 19667093920 + 00 0 . 25O255782A50D + OO 0,1527041699400 + 00 -0 * 20 73097OOO07D+ 05 -0 * 1 0 1 935075 1 990+ 05 -0 * 6715050233720*04 
-0*7499076250910-0 4 -0*653539655] 8 I 0-0 J 0.1223599957100-02 0,3236352313510+01 0 * 2« 1 95B7265600* 0 2 -0 . 5?79008729l 4D + 02 
0« 4009774276660-06 -0*4102363072760-05 -0*220437999051D-05 0*1265648360060-01 0.1269012406040*00 0 . 6R555 1 8 1 37550-0 1 


STATE TRANSITION MATRIX - (PARTIAL S OF t AHTH INJECTION FC-STAtE WNT EC-3TATE Al THRUST INITIATK 


0.4623183457460+01 
-0,5110955640090+01 
-0 s 1 527776577350 + 0 0 
°0 a 34432263651 70— 0 4 
0.5939052617400-04 
0.2998729634010-05 


- 0 * 4083295856040+01 
0.4534646968240+01 
0.1352029143390+00 
0*3160925371800-04 
-0.5161696514270-04 
-0,266076261 1 770-05 


-O.3O39O26O8790D- 
0,3359028458150- 
0,1136777611220- 
0.245882923691D- 
-0.4045950336600- 
0*10446911 19440- 


01 -0.7227614245080+07 
0] O.7O4354457640D+O7 

02 0.220 1084247830+06 
06 0 o 463695334563D+02 
06 -O.0BBO14351519D+O2 
05 -0*4347991854110+01 


0,5916226046780+07 

-0.7641936581390*07 

-0.2101085471960+06 

-0.5448603327240+02 

0,7937905185140+02 

0*4277097052740+01 


0.9475970475360+05 
-0.1008695129900+06 
-0.9437138966670+06 
-0 . 1 0 9? 086584 970+ 0 1 
0,1715273440220+01 
-0,8 22? 279 22 1610+01 


PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE WRT THRUST CONTROLS 
0, 37 O20RO61 0270+03 0 . 1571845O0O25D* 0 1 0*0 

-0.0693145800710 + 02 0 . 67 X 0 34 721 f| 750 ♦ 0 i 0.0 

-0.1754198127120-04 0 .300 16476551 ?0+ 03 0,0 

-0.5760806727540-02 -0,2441853104760-04 0.5706866104530-06 

0.1354024247200-02 -0.1043693134690-03 0*2433570183090-05 

0.821766297697D-09 -0,5911742247450-02 -0 .4530931 24039D-07 


PARTIALS OF STATE VECTOR COMPONENTS AT I HE TARGET TIME WRT THRUST CONTROLS 
0. 51 714476873 10+05 -0.1032866363490+04 0,1026855499150+02 

-0 *0321059582500*05 0 , 130436442a 190 + 04 -0.1457259948200 + 02 

-0*1620820066390+04 0,559664675] 160+04 -0 . 34294 j 932631D+ 0 0 
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"*0 a 3564 0 0 109 25 50^00 0 . 1 1 2620747* lSO-U 1 -0 . 1060055783270*03 

0.64553077051 10*00 ~0 . 1666340653960-0 A 0 * 1 424 1 09 040 B 1 0*03 
0.3P1R09248217D-01 0 , 4565 l 78?9q j 10-01 0 .82990?OR552OD*Q5 

TARGET SENSITIVITY MATRIX - (PARTTAlS 0* TARGET V.A9 T ARLES WRT CONTROL VARIABLES* 

0. 175121 1415010*03 0 . 14*?9 1 407564n ♦ 0 3 -0 .572709 1 203240* 0 0 

-0.4714U9B2??5?n-01 0.4721496537040*01 0 ♦ 254606 1 ?9424Q- 03 

0 .354941 0506650*00 -0 . \ 0 30 04062 A66O-0 1 0 . 92903766508 1 0-04 

TARGFTING MATRIX - (INVERSE Of THF SENSITIVITY MATRIX) 

0.4095 71 204 304 0-0 3 -0 „ 73 1 654bR5i 5*0-02 0 . 254?6R0407B10*0 1 

0 .902335 11595 00-04 0 . 20 0927640 1 360* UO -0 . 1631 U 7*77630-0 I 

*0.1 5974*5693060*01 0 . 5 1 86 0 34 3966R0+ 0 2 0 . 773 2690 AO 3 7*0 + 0 3 


predicted control changes 

CONTROL VAPTARLE 
ALPH 
BETA 
1 HRN 


change 

0.11 1 0Q°999fl 7 20*01 
-0.5096138520940-0? 
0.516*5 ^5424000*03 


liPnATFD THRUST CONTROLS 
CONTROL VAPTAHLES 
ALPH 
BETA 
T5PN 


for next tpa.jeciory targeting iteration 
CONTROL VALUES 
0*2t>79?n34Ab»73D + 03 
0.1033373667050*01 
0 . 12574 p 44 79 1 OD* 06 


total CHANGE to THE CONTHOL VaRIARIFS after 1 iterations 
CONTROLS VARIABLES TOTAL ChanOe 

ALPH n . 1 1 l806999H7?0*Ol 

Hh TA -0.5096138520940-0? 

TURN ft.51* 1 6575424000*0 3 
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LI-LIrKaTION POINT TRaJECTORT targeting 
ITERATION NUMBER ? 

NEWTON-RaPHSON TARGETING algorithm 

spacecraft state vector at target Julian date 

X-COMP Y-rOMP 7-COMP VX-COMP VY-COMP V7-C0MP 

GEO-FC 0.445771 12878 10* 0* -0 , 407ft4 666*0350 +04 -0 . 155285224041 D+U3 0 , 73l 338030271 D*0 1 0 . 81 78393851860* 01 0.1002034473910+01 
GEO-FQ 0.445771 1 287B1D+04 -0 . 44 0 667679365D + 04 -0 . ?t>80 O0625338C1 + 04 0.73l 3380302710+01 0 » 7C 72875872380* 0) 0 . 4246333B8852D+0 1 


CONTROL VARIABLES 

target variables 

ACTUAL TARGET VALUES 

target frroh 

target tolerances 

alph 

RCA 

0.6535720116770*04 

( 

KM) 

0,£A2798«322F>4I)402 

o. loooooooooooo+oi 

RETA 

ICA 

0.28331 72698150+0? 

( 

DEG) 

-0.1372A9R149R1D-01 

O.IOOOOOOOOOOOD-O? 

T 0RN 

JCA 

0.2442230173630*07 

( 

DAY) 

-0.1*06970815790-02 

0.100000000000D-04 


NOMINAL THRUST CONTROLS FOR THE ChpoEnT TRAJECTORY 
’ CONTROL VARIABLES CONTROL VALUES 

ALPH 0*^7q? a 34RS73D + 0 3 
BETA 0. 1033^7366 7 y 5D +01 
THRU ft. 12574844791 00+06 


differential transformation matrix - (Hartials of target variables *rt final eu-statE vector) 

0.824537430B64O+00 -0 ,5500 1 ft 771 ?1 20 + 00 - 0 . 24 27979745530* 0 0 0 . 99 1 27 0 50 3745D * 02 -0.6571068422820 + 02 -0.20968^8464900*02 

0.2813481817870-03 0 . 24 0 1 38 72 0P6*D-O<= -0 , 448*4 \ 324 361 D-0? -0.2158036971080*00 -0.1841946257690+01 0.3430699300490*01 

-0.15] 1261595210-05 -0 , ] 1 R72 1 24 9? ?op-0P -0.7305630743190-06 -0.1171347350360-02 0.5014230527560-03 0.1950208096810-03 

state transition matrix - (parttals of earth injection ec-state wrt ec-state at thrust initiation) 

-0.21336R097623D+02 0. 1 883984696640 +02 0.1344239^25060+00 0.2995900*72120+08 “0 .3077433943250*08 -0.6596084457850*06 

-0 .?17B1667B?05n*0? 0 .21 O39003DflO3D+O^ 0 . 1 534258 05294D+ 0 0 0.3363445902750*08 -0.3409409779220+08 -0 . 7060490573790+ 06 

-0.31 50390 lft70nn+ 01 0.2705521751400+01 0 . 1 7 1 50 4953S87U-0 1 0.4442284024120*07 -0 .4528986 11 2470+07 -0 . 6991 74677268D+ 05 

0. 1 R218B381 7Q1O-01 -0 . 160830691 O3OD-0 i -0.1133211313420-03 -0.2556366389240*05 0.2626899432450+05 0 . 57 1 1 0467 1 733D+ 0 3 

-ft. 19B4 090 2 15260-01 0 . 1 7549345 0 1 64D-0 1 0 . 1 29045 0 n5fl85U-0 3 0,2805937795090*06 -0,2844022982480+05 -0.5724193526130+03 

-0,6249914917080-03 0.5566947840770-03 -0.1435263788900-04 0 . 9064160204360+ 03 -0 . 874P00294B5 1 D+ 0 3 -0 . 1 9283750 80900* 0 3 

PARTIALS OF state VECTOR COMPONENTS at iHE FNO of THE THRUST PHASE WRT ThRUST CONTROLS 

0.3751610991930*03 0,1446016827440+01 0.0 

-n.8 0 389 05499300 + 02 0 . 676535648.3200 + 0 1 0.0 

-ft .1774417936610-04 0 , 3834H6987381 D+0 J 0.0 

-0.58) 1934990150-0? -0.2236563809030-04 0.5230931361460-06 

0. 124701 OH0 1600-02 -0. 1 0478) 0?0n630-U 3 0 . 24442464^5340-00 

0.6279610 44 1? \ I.)- 09 -0 . 5938 1 9B?3?96n-02 -0 .4500698775650-07 

PARTTALS OF STATE VECTOR COMPONENTS AT THE TARGET T T ME WPT THRUST CONTROLS 
-n*??2n 196209260+06 0 . 661 953^97^760+04 -0.59510*56315)70+02 

-0.24861031196710+06 0.7179605832640+04 -0.6570858939620+02 

-0.3207179020570+05 0.81 12475699070+03 -0,0743077601850+01 

0.1005762156790*03 -0.5697549914290*01 0 . 5 07995 Q70942D-O 1 

-0.2073900669800+03 0.5091094342280+01 -0,548] 145420340-01 

-0.6638145943300+01 0.1213855666330+01 -0,1655392640200-02 

TARGET SENSITIVITY MATRT* - < PAPT T A| 5 U^ TARGET VARIABLES WRT CONTROL VARIABLES) 

0,2205764303490+03 0 , 15008?8?59740+0 J -0.5640459182510+00 

-0.66696131) 1580-01 0 , 40 1 47 0 0424?60 + 0 1 0.259214046) 58D-03 

0.3516509596250 + 00 -0 . I 02552556 0630-0 1 0.9340 982778360-04 

TARGETING MATRIX - <|NVF«SE OF THF SENSITIVITY MATRIX) 

ft »4?3 1808708260-03 -0. 1703008)61 710-U? 0 . 257676ft ft 0 ' 1 90+0 1 
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0 ft 91 0974076041H-04 0 .2048 1 8 AQbQ \ <i D + 0 0 -0 « 1 8?94?37 1 06SO-0 1 

0, 1883 173 145 ISO* 01 0 . b ] 4863075^3 00 *R2 0 « 1 00?8 OP80P88D ♦ 04 


PREDICTED C0NT90L CHANGES 
CONTROL VARIABLE 
alph 
BETA 
THPN 


change 

0.678*^9771140-0? 
-0.87396/1913080-03 
-0.4085^ 3309420*0? 


IJPriATFD THRUST CONTROLS FOR NEXT TRAJECTORY TARGETING ITERATION 
TONTROL VARIABLES CONTROL VALUES 

ALPH 0.2579R7 103^430* 03 

BETA 0. 103279969*860*01 


TRKN 


G. 1257078909/7, U06 


TOTAL CHANGE TO THE CONTROL 
CONTROLS VARIABLES 
ALPH 
BETA 
THRN 


variables AFTER 2 ITERATIONS 
TUTAL CHANGE 
n.ll248?S268490*0] 
-0*567010S71??bD-0? 
0.4761006093140*03 
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Ll-LroKATTHN POINT TRAJECTORY TARGETING 
I fpRATTON NOMRER 3 
NEWTON-RA^HSON TARGETING ALGORITHM 

SPACECRAFT STATE vrCTOR AT TaR^FT JULIAN naTE 

X-COMP v-rOMP 7-rOMp _ VX-COMP VY-COMP V?-COmP> 

GEO-EC 0 *5691660744940*04 -Q .330265 3^.71 430+04 0 * 4266 1 9 7364730* 02 0 . 5901 080094 740+ 01 0 *9220571 0 26B?D+ 0 l 0 . 1 090B37*)56?6!Un 1 
GEO-EO 0.56916**744940*04 -0 . 3Q4? 0?1 85*240 *04 - 0 . 1 274754537 99f) * U 4 0 « 598 l 0 80894740* 0 1 0 . 00255?B74452D+ 0 1 0*4669019*502*0*01 


CONTROL VARIABLES 

target variables 

ACTUAL target VALUES 

target error 

target tolerances 

ALPH 

RCA 

0.6564047^40660*04 1 

t KM) 

-0.4047440660250*01 

0.1000000000000*01 

fiETA 

1CA 

0.2031618094000*0? I 

1 OEG) 

0*1011 (>59965790-0? 

0 . 1000000000000 - 0 ? 

TRRN 

*CA 

0. 24422381 7153D+07 1 

[ DAY) 

0.6926287896930-03 

0. 1000000000000-04 


nominal thrust controls For fne cuoqenT trajectory 

CONTROL VARJARLFS CONTROL VALUES 

ALPH o.257 0 271 03**3 J*03 

RE TA 0.1 U 327 9Q6R9d6n *01 

THRN 0.325 7 07 8909^70 +06 


difffpential transformation Mftipjy ^ (Rartials of target vapiari.es wrt mnal eu-state vector) 

0**148045*53150*00 - 0 . 5304 756544 ? PH * 0 0 - 0 . 2 37223 1 0*4 230 ♦ 0 0 -0,485*3960*9060*02 0 . 321 3? 1 93 l 74*0* 02 0 . U15R0457?57n+0? 

0. 217662428)630-03 0,106280654^290-02 -0 . 3480 70678 1 78D-C? -0 . 26 1 00940 02090* 00 -0 . ?.? 3? 7 8 n 1 75 261) * 0 1 0 . 4 I 73978440540*0 1 

-0* 1 0440*5*71590-05 -f) w 1*7221 306 1 q^D-O^ -0 . 9066863 a ? 6?2f)~04 -0 . 944?54954436D-03 0 * 76 1 0 0 Rfl 794290-0 3 0 . 34B?21 01RR27O-03 

state transition matrix - <partiai s of earth injection fc-staTe *rt ec-ptate at thrust initiation) 

-0.1745466345590*02 0 . 1 ^4 l 4 0 00 3006D ♦ 0* 0 . 1 09^905897630 + 00 0.2449436587740*08 -0.2519506668410*08 -0 . 53800 220 30 0 20* Oft 

-0.2681319988140*02 0.2372660^46^70*02 0. 1 73 ] 0 95* 9 1 520* 0 0 0.3792198455320*08 -0 . 3R44 923078500* 0 8 -0.7914427292560*06 

-fl. 31 7484 1284810*01 0 . 2R08430 1 0*090+0 1 0 * 1 4038 156*4800-01 0.44505598(10290*07 -0.4561693573280*07 -0 . 1 02.392 1 7695ftfU 06 

ft *2348 4890 30 050-0 1 -0.2 07530 4494 3*0-01 -o . 14 77959 168 4 10-0 3 -0.3306886851550*05 0 „ 33 79506925861) * 05 0.720980 8965540*03 

-0. 1 3577727 196RD-01 0 . 1 2 0 23237 1 7 32D-0 1 0.8969670040530-04 0 . 1 92 7298 1 R565D* 05 -0.19404919578)0*05 -0.3773656824780*03 

0.1843096414180-03 - 0 . 1 58856 072? OqD-9 3 -0 . 1 82^2 1 86007 3D-0 4 -0 . 2344334456880*03 0 . 28892565 4399JT+ 0 3 -0.1699324027740*03 

PARTIAL* of STATF vector com PONFNTS at r He ENn nr The THRUST phase *rt thrust CONTROLS 
0.3749148510480*0 * 0 . 1 44 3433087 1 30*0 i 0.0 

-0.8029000821 180*02 0 , 6767 1 6 1 4 i o 1 A o* 0 A 0.0 

-0.1769830608560-04 0 „ 3832257 32?70D* OJ 0.0 

-0.5810046085900-02 -0 . 223330645P3) 0-04 0 .5220050461 4?D-0 6 

0*1245887468570-02 -0.1046888241470-03 0.2444308553470-05 

0. 8260966608480-09 - 0 . 59 36 1 2254 0 93t>-U2 -0 . 45 0 a 1 94 7784?O-0 7 

PAPTIALS OF state VECTUP COMPONENTS at 'he TARGET TIME wrt thrust controls 
-0.1814062156510*06 0.5410114637890*04 -0.4075445944190*02 

-0*2801895798660*06 0.0064353247780*^4 -0 . 74 1 201344031 D*02 

-0.3313139989750*05 0.1005080252690*04 -0.08031)3355430*01 

0.2447076002680*03 -0 . 7242239 \ 81 8 io*0 1 0*6528451672040-01 

-0*1422090966240*03 0.39371221091 OD + 01 -0.3733059390270-01 

0.1803892012150*01 0 # 975929648*950*00 0*5913179450000-03 

TARGET SENSITIVITY MaTPTX - (PARTTALS ^ TARGET VARIABLES *RT CONTROL VARIABLES) 

0*221 1889903860*03 0 . 1 49951 0422 070 + 9-1 -0 , 56525 76? 0930D* 0 0 

-0*6635080707880-01 0.4002020677640+01 0.25791 1399 11 0D-O 3 

0*3515168786850*00 -0 . 1 024802049040-0 1 0.9349190639740-04 

TARGETING MATRIX - { INVERSE OF THf SENSITIVITY MATRTXJ 

0. 422/699634190-03 -0. f 70 1 3049 39900-02 0 . 257733503 J74Q*0 1 
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n. 9 0681 0 35*3900-04 0 . 2r>5374R59?4?n ♦ 0 0 -0 - 10PR457K66P4O-O 1 

-0*157961 6419750+01 0,*1 46*0 B553 3RD + 0<f 0 . 1 0 0 3675 055S30+ 04 

PREDICTED CONTROL CHANGES 

CONTROL VARTARLF CHANGE 

ALPH 0.6 0 052 /d 172790-04 

BET4 -0.7751 096791420-05 

TBRN 0.7 l 81 7*9753090+ 01 


UPOATfD THRUST CONTROLS FOR NEXT TRAJECTORY TARGETING ITERATION 
CONTROL VARIABLES CONTROL VALUES 

ALPH g.^ 3 79?71 63*9*0+0 3 
RtTA (>• l0327R!Q4B76D4ni 
TbRN Op 1257 150727*60+ 06 


TOTAL CHANGE TO THE CONTROL 

controls variables 

ALPH 
HE T A 
THftN 


VARIABLES ALTER 3 ITERATIONS 
TOTAL CHANGE 
n. 11 * 48 * 5321270+01 
-0 *56 ^ 7 * 56609040 - 0 ? 
n .4*-i?a?399067n + 03 
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U-LIBRATION point trajectory TARGETING 
ITERATION NUMBER A 

newton-raphson targeting algorithm 

»««*«« **»*#*«**«***<****##**# *»0*4*«<.****tt*tt*-»a#*#»fr*#*<>*0 0**0#*#****»****#**»***«****0****4tt *0*4 

spacecraft state vector at target Julian date 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP V2-C0MP 

GEO-EC 0,5247165565190*04 -0, 303664 0 261 13D* 04 -0 . 34 l 09690 094 1D+02 0.6532156437030*01 0 .80608541 4206&+01 0 • 1 092125159*40*01 
GEO-EO 0 .5247 16*55651 9D + 04 -0 . 359 A 1 047 08000* 04 -0 . 1 5974* 1 76520D+04 0,6*32156437030+01 0,7694715653430*01 0 . 4526975*99910*01 


control variables target variables 

ACTUAL TARGET VALUES 

target error 

TARGET tolerances 

alph 

RCA 

0.65592862208115*04 

( KM) 

0.71 17791941920*00 

0,1000000000000+01 

BETA 

ICA 

0.2831832631 16D*02 

( DEG) 

»0 .32631 1576 92 0D~ 03 

0. 1000000000000-02 

tbrn 

rcA 

D.244?23817235D*07 

( DAY) 

-0.122247T29450D-03 

0.1000000000000-04 

NOMINAL THRUST CONTROLS 

for the current trajectory 




CONTROL VARIABLES 

CONTROL. VALUES 





ALPH 

0.2S7q?7163«V5D*03 





BETA 

0.1032791 948'6D*01 





TBRN 

0.1257150727660*06 






differential transformation matrix - (Partials of target variables wrt final eg-state vector) 

0.61 05416681490*0 0 -0.5362046199140 + 00 -0.2362749448230*00 0 . 8560 22^1 0652D+ 0 1 -0 .5662092030510 + 01 -0 . 24953 1 364909D+O 1 
0.2432939000520-03 0.2081372938360-02 -0 . 38R *066260300-02 -0.2440073262600*00 -0 .2094320239140*0 1 0.3913058077500*01 
-0.1257126976210-05 -0 . l45279l*2*47n-0!3 -0 . 85620 1 2079750-06 -0.1023967636130-02 0,6532565071430-03 0.2*55703921270-03 


STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTION £c- STATE WRT EC-^TATE AT THRUST INITIATION) 


-0, ] 90600 190053D+ 02 0 . 1683196647 020*02 0 . 1 200054908350+ 0 0 

-0.2576636531770+02 0.22799184029*0+02 0 , 1 6624250 1 2580+ 0 0 

-0.31 79050461400+01 0.2*11778998540+01 0.1529279043080-01 

0.2186675899200-01 -0.1931713182230-01 -0.1370572365330-03 
-0. 1635100567390-01 0.1447237945210-01 0.1071191582660-03 

-0.1337522175590-03 0.1224889728050-03 -0.167*472340460-04 

PARTIALS OF STATE VECTOR COMPONENTS AT f HE END OF THE THRUST 
0.3749602195270+03 0.14435*9254950+01 0.0 

-0.8029932500250+02 0 . 6757928177*70+ 0 1 0,0 

-0.1770443998530-04 0.38327200108*0+03 0.0 

-n, 58 1040 7943290-02 -0 . 22334 10470 A 00-04 0.522*024854910-06 

0. 1245959076710-02 -0.1046945524640-03 0,2444309107400-05 

0 .8263350734530-09 -0.5936490297*60-02 -0 , 4506 1 60963380-07 


0.267544693692D+08 -0,2750413950610+06 -0.5882804821560*06 
O.364302025246D+OB -0.3694929467280*08 -0,7621289414340+06 
0.448479868371D+07 -0 . 4569 1 1 5036830+ 07 -0 .901627597332D+ 05 
-0, 30759820028 1D+05 0.3149081454770+05 0.675*629318170+03 

0,23168537*6590+05 -0.2340353471490+05 -0.46263998*8890*03 
0.2144118926070+03 -0 . 1 6B0B944493B0+ 03 -0.1796938927590+03 

PHASE WRT thrust CONTROLS 


PARTIALS OF STATE VECTOR COMPONENTS AT THE TARGFI T T ME WRT THRUST CONTROLS 


-0. 1982217505510+06 0.590657^47*820+04 

-0.2692507 170 13D+06 0 . 775953693 069D+ 04 

-0.3316924173790+05 0,9337213390360+03 

0.2277136868030+03 -0,67736*2343560+01 
-0.1 710716023180+03 0,4794404933330+0! 

-0.1515240824450+01 0.1 073761959240+01 

TARGET SENSITIVITY MATRjX - (PARTIAL. S OF 
0.2211 366777 17D+ 03 0.1499605804*90+03 

-0.664266549062D-0 l 0.400417241*310+01 
0.3515264686030+00 -0 . 1 02492025 0020-0 1 


-0,5^21480673630+02 
-0.7123113005290+02 
-0, 8Q1960271942D+01 
0.60*6151*96260-01 
-0,45072056564*0-01 
-0.2906701946960-03 

TARGET VARIABLES WRT CONTROL VARIABLES) 
-0,5650512315100+00 
0.25010193316*0-03 
0.93470966448*0-04 


TARGETING MATRIX - (INVFRSE OF THf SENSITIVITY MATRIX) 

0. .422^523333720-03 -0 , 770 1378 IP 9620-02 0.2577274669080 + 01 



A -16 


fi.PD 74 13 09024 20-04 0.2ns?tt0917 3PAn*ao -0 • 1 R2Pl95B7 2290-01 

-n . 1BR0 1*2770440*0 1 0,514*610913700+0^ 0 . 1 003779575730*04 

PRrOIrTPD CUNTROL CHaNGfS 

control VARIABLE CHANGE 

ALPH -0,1 157543449470-04 

BETA -0. 1*1*1 38732950-0 A 

THPN -0, 1 ?642^498fl250+0 1 


upnATFD thrust controls for next tp a jec tort targeting iteration 
control VARIABLES control values 

ALPH 0«^^79p7l 523^00+0 3 
BETA 0. 1032791787150+01 
T«RN 0* 12571 380Ab2]D+06 


TOTAL CHANGE TO THE CONTROL 
CONTROLS VAQlABlES 
ALPH 
BETA 
TBRN 


VABTAOLFS A*- TEP 4 TTFRaTIONS 

total change 

0,1 U487374SR3n + 0l 
-*l.Sb/80]H4??Q?n-O2 
0 , 4 ^ 01*1540870 + 03 
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LI-LIRRaTION POINT TRAJECTORY. targeting 
ITERATION NUMBER 5 
NEWTON-RARHSON TARGETING ALGORITHM 

«***«*«**»****»»«**»»*********■»***»*» ****««o** »**«**■» ******«■*********#******»«»***<>*** 


SPACECRAFT STATE VECTOR aT TARGET JULIAN OaTE 

X-COMP V-COMR 7-comp VX-COMP VY-COMP v?— comp 

GEO-FC 0.5326400199300*04 -0.382664)111150*04 -0.21)62325937990*02 0.64J785515145D+01 0.6920912968840*01 0.1 09?4S730544D*0 1 
GEO-FO 0.5328400199390*04 -0.3507582122840*04 -0 . 1 54 127414342D+04 0.6437855151450.01 0.7757299943070*01 0.4554475531060*01 


CONTROL VARIABLE'S 

TARGET VARIABLES 

ACTUAL TARGET VALUES 

target erpor 

target tolerances 

alp* 

RCA 

0 .6560 125430 05D* 04 

( KM) 

-0.1254300512080*00 

0*1000000000000401 

BETA 

ICA 

0.2831794267990*0? 

< DEG) 

0. 5732008520810-04 

0,1000000000000-0? 

TBRN 

ICA 

0 • 24422381 7220 D* 07 

< DAY) 

0,2152775414290-04 

0*1000000000000-04 


NOMINAL thrust controls for the Current trajectory 
control variables control values 

ALPH 0.2S79?7152J<:0D + 03 
BETA 0.103279178715D+01 
TBRN O.125713RO0521D.O6 


DIFFERENTIAL TRANSFORMATION MaTRIy - (PARTI ALS OF TARGET VARIABLES WRT FINAL EQ-STATE VECTOR) 

0.8104173144000*00 -0 , 536 1 207774 15D* 00 -0.2362377461460+00 -0,1507368173410*01 0.9971815798050*00 0.4394005572980*00 

0.2388734172970-03 0.2043695527510-02 -0 . 38 1 85265672 1 D-O? -0,2477973115450*00 -0 , 2120 0 444 1307D+0 1 0.3561181356480*01 

-0.1221692042420-05 -0 . 1 477095850640-03 -0,8669738561200-06 -0.1008829007080-02 0 .67162B1232930-03 0.2963500514000-03 


STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTION EC-STATE WHT EC-STATE AT THRljST INITIATION) 
-0.1878526315760*02 0. 165893189024D+02 0 . 1 1 8360 4031 580*00 0.2636780777880*08 -0 . 271 0 BB3598 1 30* 08 

-0 • 2596S1746BS80* 02 0.2297527322240 + 02 0 . 1 675430 769 1 90* 00 0.3671908114470 + 08 -0,3 723427656250 + 08 

-0.3179935915500+01 0.2812628195810+01 0 , 1 50 TBR749B44D-0 1 0 .44863481 B 0310* 07 -0 . 4570 1 4506257D*07 

0.2220011783520-01 -0,1961275948620-01 -0 , 1 39253B809500-03 -0 . 3123*50020910* 05 0.3196634179450*05 

-0.1508900001960-01 0.1406519244960-01 0 . 1 0 42 1 351 4356D-03 0.2252126482850*05 -0 , 22738 1 036555D* 05 

-0.7728046748110-04 0.7254640992910-04 -0.1705220314570-04 0.1347723952960*03 -0 , 869035 1 23402D+02 


-0.5797868644960*06 

-0,7677341909020*06 

-0.9237033736380*05 

0.6852939450030*03 

-0.4483773606600*03 

-0,1780460648750+03 


PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE WRT THRUST CONTROLS 
0.3749522316500*03 0. 144355974909D+0 1 0.0 

-0.8029769148990*02 0.6757703)86970*01 0.0 

-0.1770333524900-04 0 . 3fi32b3056 1 240*03 0,0 

-0.5810344224600-02 -0.2233395987660-04 0 . 522802979340D-06 

0.1245946573550-02 -0.1046933890090-03 0.2444309001900-05 

0.8262924083440-09 -0.5936425562430-02 -0 . 4506 16025832D-07 


PARTIALS OF STATE VECTOR COMPONENTS AT 1 HE TARGET TIME WRT THRUST CONTROLS 
-0.1953576617820*06 0.5821432548280*04 -0.5245107722940*02 

-0,2713276308710*06 0.7817671966260*04 -0.7178021878450*02 

-0.3317955551640+05 0.9466115783880*03 -0.8821208165970*01 

0.2312103959950*03 -0.6871133632530*01 0.617T52467534D-01 

-0.1662740821990*03 0,465135l8504?D*0l -0.4378456249800-01 

-0.9261530818800+00 0 . ) 05688B633570*Oi -0.1339365866990-03 


TARGET SENSITIVITY MATRjX - (PARTIALS OF TARGET VARIABLES WRT CONTROL VARIABLES) - 
0.2211450868340*03 0.1499506773530*03 -0.5650875475390*00 

-0.664X35235728D-01 0.4003793461600*01 0.2560679060830-03 

0.3515247936100*00 -0.1024815536610-01 0 .934812S73670D-O4 

TARGETING MATRIX - (INVFRSE OF THE SENSITIVITY MATRIX) 

0.4228378312510-03 -0. 7701368134150-02 0 .257728528470D* 01 
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0*9r)73056iS&74fcO«>04 O,?05?974p??5no+O u "0 • IB?Q??0 1 7 1 \\ D“0 1 

(!• 188 00831^671 0*01 0 w bl4^636463?8040^ 0 * 1 00378 1 ? 10990 * 04 


PREDICTED CONTROL CHANGfS 

CONTROL VAPJARL f- CHANGE 



ALPH 

O.^oOSi >t)0*?50D-OS 


BETA 

-0.646 04b719844f>*0 8 


TPRN 

0. ????4tt693797D + 00 

lPf>ATFD 

THPUST controls 

FOR NF*T TRMFCfORY TARGETING ITERATION 

con 

Tpol variables 

CONTROL VALUES 


alph 

0.2579P71 543C5D*03 


HE TA 

0 • 1 032791 7R0^9fJ + 0] 


THRN 

n. }2R7i*n3ii*7on*OG 


TOTAl CHANGE TO ThF CONTROL 

VARIATE* Ah TER 5 ITERATIONS 

CONTROLS VARIARLFS 

10TAL CHANGE 

ALPH 

0. 1 1^4B7R7b09ao*r>l 

BETA 

0246*3170-02 

TmR* 

n # 4a^2409027r*ln*n3 
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li-libration point trajectory targeting 

ITERATION NUMBER (4 
NEWTON-RaPHSON TARGETING ALGORITHM 

O*0*0*»*»»eo««ce000»*00»s0««0*0000*o**0*»*®«*0»0******0«0*ttfl***00»***«**00***00****e»»ae«****e*o** **»*•*»«*»*»**»««••»•*»«•*»**♦»•*» 

SPACECRAFT STATE VECTOR AT TARGET JULIAN DATE 

X-COMP y-comp z-comp VX-COMP VY-COMP vz-comp 

GEO-EC 0,531 4181028380*04 -0.384*071667520*04 -0 , 2301230326960*02 0.6454561667290*01 0.8917019929070+01 0 . 109?4 1 6265340 + 01 
GEO-ED 0,5314181028380*04 -0.3519458429770+04 -0,1551196054300*04 0 . 6454561 86 729D* 0 1 0.774640488461 D+0 1 0.4549706407100+01 


CONTROL variables 

target variables 

ACTUAL TARGET VALUES 

target error 

target tolerances 

ALPH 

RCA 

0.6559977920370+04 

( KM 1 

0.2207963081*00-01 

0.100000000000D+01 

BETA 

ICA 

0.2B31R01009790+02 

< DEG) 

-0.1009787868860-0* 

O.IOOOOOOOOOOOD-O? 

tbrn 

ICA 

0,244??38172230+07 

t OAY> 

-0.37895515561 ID- 05 

0. 1000000000000-04 


nominal thrust controls for the Current trajectory 

CONTROL VARIABLES CONTROL VALUES 

ALPH 0.*R79?7154325D*03 

BETA 0.1032791 780990+01 

TORN 0- 1257 140 3127 UO* 06 


CONVERGENCE HAS OCCURRED AFTER 6 ITFRA1IONS. 

THE TOTAL CHANGE TO THE CONTROL Vartans IS COMPUTrD TO BE 
DELTA-ALPH r 0.1lp487S75098n*Ol 
DELTA-BETA « -0.567802488337D-02 
DELTA-TBRN S 0.48?240902781n+o3 
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* **»**«***«*****»*9+*» + # »***»«*»»##*#»»*#**<>**«***<>»# v******** ****>**«<> »„#**» a ********** 

LAUNCH PROFILF FOR TARGETING 

TRAJECTORY data 

******* *»* + ** + *«****it»«**»**# 4 ** 9 * 9 <>*** <>*#*»*****#*<>***#**»*»« toiyaeaveGteGVVitfiVVVttQeltttQQe***********}****************************** 


7 / 9/197* 16. 6.?4 
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a \ jrlN 1 

OUW-SFC 

COAST 

TIME-SFC 
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o. 1 7 oooooo n + o? 


0 
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01 

•0 
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on 

0 
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0 3 
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.70 7294440+ 

"3 

0 , 

. 1 OOOOOOOn* 

0 3 

»0< 

.3?ft8R401n+ 

on 

o , 

»?4] b39^bn+ 

Of 

>0 , 

.?4977907n+ 

OS 

n ^ 

> S 3 1 4 1 d ] u n ♦ 

04 

o < 

» f-.4S4Sbl9o + 

0] 


k 6 1 ^94344n + 

** 

"« 

> 33«7olf On* 

0? 

r\ i 

. S3 1 4 1 r ] on + 

04 

r. < 

>6454661 9n + 

ol 

n « 

,61*943440+ 

06 

0. 

,6*6673660+ 

01 


-0.3O460717D+04 
0,R9] 701 9QO+01 
0.9RR401 3^0+00 
’•O.^OOPRiein^Ol 
-n*;<isi94S84rwo4 
0,774640490+0] 
0.989401 330+00 
-0.R9868] 50P+0? 


-0,?3Q1?30 30+02 
0, 109?4l 630+Oi 
0,S670947«D+01 
-0.31o349bRD-0l 
-0 . 1 5h>n 9bl n + 04 
0.4549706b£) + 0 1 
0 . ?B3 1 R 0 1 (J D+ 02 
-0.3l6349b8O-0i 
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U-LIRRATION POINT TRAJECTORY TARGETING 
ITERATION NUMBER 1 
NEWT0N-RAPH50N TARGETING algorithm 




targeting event at jmlian date 2442274 . mu* 


DESIGNATED TARGET TIME AT JULIAN DATE 2442238.171116 


SPACECRAFT STATE VECTOR AT INITIAL JULIAN DATE 

X-COMP v-COMP 7-COMP vx-comp 

GEO-EC -0.11812?307017D*07 0 .95170 1455220D+06 0 . 40 6927?8 1 7920 ♦ Q 1 -0 . 1H?3585655660* 0 fl 

GEO-EG -0,1 181223070170*07 0 * 87321 «* 1 1*580 + 06 0.3706518113730*06 -0.1823585655660*00 

SPACECRAFT STATE VICTOR At TARGET JULIAN DATE 

X-COMP Y-OOmP z-comp vx-comp 

GEO-EC 0 » 5334642523490* 04 -0 .38 187880521 9D*04 -0.1961763917040*02 0.6430774819440*01 

GEO-EQ 0 . 5334642523490*04 -0.34 957773^520 + 04 -0.1537227344510+04 0.6430774819440*01 


VY-COMP 

-O.23110fl428946O*OO 
-0.2121021 184770*00 

VY-cOMP 

0.8933501424720*01 
0 « 776 15296 39 OyD + O 1 


V7-C0MP 

-0.9570820468130-05 

-0.9198250435470-01 

V7-C0MP 

0.1092407094400*01 
0 * 45562548 9049D* 01 


CONTROL variables 

aLPH 

BETA 

TBRN 


target vapiarles 

RCA 
ICA 
TC A 


ACTUAL TARGET VALUES 
0.6560599579370+04 < KM) 
0.2831772355480+02 < OfG) 
0.2442238171080*07 { DAY) 


target error 

-0*5995793701380+00 

0.2764452351230-03 

0.3220210783180-04 


target tolerances 

o.ioooooooooooo+oi 

o.iooooooonoooD-o? 

0.100000000000D-04 


nominal thrust controls for the current trajectory 

CONTROL VARIABLES CONTROL VALUES 

ALPH 0.2579271543250*03 

BETA 0.1032791780690*01 

T8RN 0.1257140312/00*06 


DIFFERENTIAL TRANSFORMATION MaTRIk - (PARTIALS OF TARGET VARIABLES WRT FINAL EU-STatE VECTOR) 

0.810410 7271150*0 0 -0 . 536 1 387047360+ 0 v -0 . 236245549447D + n 0 -0 . 2254748 1 2407D+O 1 0 0 1 49 1 662907 0 3D * 0 1 

0 .238536 164760 D°0 3 0 , 2O4O0O8632O4D-O2 -0 . 3g 1 3 l 67929420-02 -0 0 248 0?2 0640490 + 0 0 “0 , 2 121 965731420*0 1 
-Co 1219091229570^05 -0 * 147BB76O9?0 00-05 “0.6677560493680-06 “0 0 1 0078359 J 120D-O2 0 0 673 1 068 053200-03 


0 ©65 72899428 650 + 0 0 
0 Q 396480757907Do01 
0 © 29720 0 0 07® 280- 03 


STATE TRANSITION MATRIX ** {PARTIALS OF EARTH INJECTION EC'STATE ^RT EC”5TATE AT THRUST INITIATION) 


”0a 1 876430552530*02 
-0.2597805812320+02 
"0o31 79 727673610+01 
0® 22 22 05 8809660 “01 
°0 © 1585318641 150-01 
-0® 730773261 3030^04 


0 0 1657 1 4832 Q 350 + Q<^ 
0 o 2298762274760+ 02 
0 o 28 12563353250*01 
-0,1963172397470-01 
0 Q 1403343154760-01 

0^6883136883010-04 


0.1182313901160*00 
0.1676313495920+00 
Oo 1506140943610-01 
°0o 139 39 29 856 2 30“ 03 
0 o 1 0 3984436 3950“0 3 
-0ol707080187490-04 


0 o 26338155949flD+08 
0 o 367 3794296550*08 
0.4486051494370*07 
-0^3126353450250+05 
0.2246972431210*05 
0*1288416245800*03 


“0,2707979344470*08 
-0^3725426952060+08 
-0*4570015789490+07 
0«3l 99 680194$ 30 *05 
-0^2268626282660*05 
-O s 8oB63B2524?9D*02 


-0^5791513390700*06 
- 0 , 7681097620720+06 
-0.9252777574750*05 
0p685877736490n*03 
-0.4472611340810*03 
-O 0 l 7 791121 43290 +03 


PARTIALS OF STATE VECTOR COMPONENTS AT The £NQ OF THE THRUST PHASE T IHRUST CONTROLS 
0 o 3749536347840 + 0 3 0.144356407 3140*01 0.0 

-0.8029798117050+02 0.6757008570310*01 0.0 

-0.1770346238790-04 0 . 38326529 1 269D +03 0.0 

-0.5010355316940-02 -0.2233399706750-04 0,5228028937990-06 

0.1245948831500-02 -0.1046935920240-03 0.2444309020200-05 

0.8262948858060-09 -0.5936436970870-02 -0.4506160230130-07 


PARTIALS OF STATE VECTOR COMPONENTS AT [HE TARGET TIME WRT THRUST CONTROLS 
-0.1951404831560+06 0.5815153383410+04 -0 .5239562 17468U+ 02 

-0*2714636434750+06 0. 7R217o559835D+04 -0.7181963187900+02 

-0.3317765267000+05 0.9477343535890+03 -0.0821040663890+01 
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0,2314267005670+03 -0 # 6fl 7 73 0545 qp 1 D + Ol 
-0. 165694 0463301V 03 0 . 464 020 6797 4^0 + 0 1 

-O.PA230 |81 24560*00 0 , 1 0*6564621 070+01 

TARGET SENSITIVITY MATRIX - (PARTIAL? OF 
0,2211 *21 B?25?G+ 03 0 . U996 0 1 ft 0 A 9 n D * 0 J 

-O,664lHP6209OftO-O 1 0,4flm5fl64575 r HJ + 01 

0,351 6204&7324O+00 -0 . 1 0240 3504 Q \ 50-0 1 

TARGETING MATRIX - ( 

0.4220361521670-03 
0.9072422042070-04 

- 0 . 15 WOOOSS 573 f>n*ol 


0 . 6 l 03449 ft 561 RI>Ol 
-0.436*479677090-01 
-0, 12??9?*504370-Q3 

TARGET VARIABLES taRT CONTROL VARIABLE*) 
-0.5651 O6O5930flU+oo 

0.2500479*77900-03 

0.914R4797576HO-04 


INVERSE OF THp SENSITIVITY MATRIX) 

-0,7 70 1 764245* 7D- 02 0 . 2577272ft 04890+ 0 1 

0. ?053064R65g^n + Oiy -0. 162029 79 33240-0 1 
0,5146690694310 + 02 0 * 1 00 3 990730070+ 04 


CHANGE 

-0,1 7?6b0S32199n-03 
0,] 770559209700-05 
0 . 003 * 939733640*00 


PRFDTCTFO CONTROL CHANGES 
CONTROL VARIABLE 
alph 

HETA 

TORN 


UPDATED THRUST CONTROL? FOR Nf.XT TRAJECTORY TARGETING ITFHATION 
CONTROL VAR T AftLF S CONTROL VALUES 

ALPH O.2*7o2bR01 ^650+03 
HhlA 0. \ 032tqhss125D + 01 
T^PN IU 12571 5n?5lO4n + 06 


TOTAL CHANGE TO THE CONTROL 
CONTROLS VftttlAHLES 
ALPH 
BETA 
TURN 


v ar y ari fs af ter i iterations 
total change 

-7.1 ^6605321990-03 
0 . 1 770559239760-05 
0.9V J093M733S4O4OO 
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* »««**»« «*« «»« * »tf ft ft ft ft ft ft * ft ftftftftftft* HiftOHn * ftftftftftftftftftft 4 ftftftft ft ftftftft ft ftft ftftftft ft ftftftft ftftftftftftfttt ft ftft • ftftftft ft ftftftft ft ft ftftftftftftftftft^ftftfteftftftft ftftftft* • 

h-lirratton point trajectory targeting 

ITERATION NUMBER 2 

newton-raRhson TARGETING algorithm 


SPACECRAFT state VpCTOR AT TargET JULIAN DaTf 

X-COMP V-cOMP 2-COMP vx-comp 

GEO-EC 0.5306718265630*04 -0 . 385*340375450+ 04 -0 .2425100904070*02 0 , 646337757305D* 0 1 

GEO-EO 0.5306718265630*04 -0 , 3520?q469i>24D + O4 -0.1556378669320+04 0.6463377573050+01 


VY-COMP 

0.89107043J176D+01 

0.774061590973D+01 


VZ-COMP 

0*1092402846370+01 

0.4547181616430+01 


cOntpol variables 

Target variables 

actual target values 

target error 

target tolerances 

ALPH 

RCA 

0.655*3901418410*0* 

( KM) 

0,9858158642600-01 

Q.IOOOOOOOOOOOD+Ol 

BETA 

ICA 

0.283180450/010+0? 

( OEG) 

-0.450t0081?9910-04 

0, 100000000000D-0? 

T0RN 

1CA 

0.244??381?1130+07 

< DAY) 

“0*1692329533400-04 

0, 1000000000000-04 


NOMINAL THRUST CONTROLS FOR THE CURRENT TRAJECTORY 
CONTROL VARIABLES CONTROL VALUES 

ALPH 0.*P79?69FU665D+03 
BETA 0.1 03279355 125U+ 01 
TMRN 0.12571 50 25 1P4D+06 


DIFFERENTIAL TRANSFORMATION MaTRIv - (MARTIALS OF TARGET VARIABLES wRT FJNAL EQ-STatE VECTOR) 

0 .8 1 04050558350+00 -0 .536133375236D+0Q -0 *?36?43?1 7168D+00 0.1184960879070+01 -0.7839231138860+00 -0.3454302859610+00 

0.2400757S0303D-03 0 . 20538659 1 7840-02 -0 . 383751626092D-0? -0,2470103525030+00 -0.2113191940800+01 0 .394ft36402047D+0 1 
-fl • 1 ?31 30 8 057830—05 -0 . 1470 70 0 077680-05 -0 , 864 ) 5974 1 846D-06 -0 , 1 0 1 282 09*6050-02 0 , 6667025582860-0 3 0 . 29346 1 5924940-03 


STATE TRANSITION MATR 
-0.188592900444D+02 
-0*2591176093230+02 
-0.317974303204D+01 
0. ??1 121867 129D-0 1 
-0. 160146276262D-01 
-0 • 9238 7 04 050 Q7D-04 


IX - (PARTIA1.S OF EARTH INJECTION EC-STATE WHT EC-STATE AT THRUST INITIATION) 


0.166553256^180+02 

0.2?928fl277938l>+02 

0,2812545907580+01 

-0,l95355l24«70n-0I 

0.141759387P79D-01 

0.8590997938370-04 


0. 1V882868D42ID+00 
0.167198286420D+00 
O.15136R14140OD-O1 
-0. 1386778811850-03 
0.105003131206D-03 
-0.1698089265200-04 


0.264719277404D+08 

0.3664413905450+08 

0.4485985020710+07 

-0.3110918638960*05 

0,2269642570990+05 

0.1560792230260+03 


-0,2721620336970+08 

-0,3715901913580+08 

-0.4570093072590+07 

0.3184204735800+05 

-0.2291899564500+05 

-0.1086244672900+03 


-0. 5820892267000+06 
-0.7662487067730+06 
-0.9178301331930+05 
0.6828286489480+03 
-0.45224685P4940+03 
-0,1784905797540+03 


partials of state vector components at the end of the thrust phase wrT ihkust controls 

0.3749596602780+03 0. I44361l0lf>1 2D+01 0.0 

-0.8030045451340+02 0 . 6757920724200+ U 1 0.0 

-0.1770438544140-04 0 . 38327 1 6942920+ UJ 0.0 

-0.5R104014763RD-02 -0 . 2?3?454?454 ) 0-04 0 . 5228 1 0 2594 1 80-06 

0.1245977083100-02 -0 . 1 046946 02* D9D-03 0.244430744336D-05 

0. 8263315995010-09 -0 .59364p706ni oD-02 -0 , 4506 1 67954400-07 


PARTIALS of state vector COMPONENTS at the target time WRT THRUST CONTROLS 
-0*1961322970700+06 0 .5844598890300+04 -0.5265893869300+02 

-0.270773506942H+06 0 , 70O2372s2'O66fi + 04 -0 . 71 63560675920+02 

-0 . 33 17 77293877 D+ 05 0.9433633327930+03 -0 . 802 1 257580980+ 0 1 

0.2302912129310+03 -0.6045734535310+01 0 . 6 1 53678? 1 5B70-0 1 

-0.1675750630820+03 0.4690264639150+01 -0.4413476092230-01 

-0.1083766715710+01 0.1061432504270+01 -0 . 1 750606P9543D-O3 


TARGET SENSITIVITY MaTRtX - (PARlTALS OF TARGET VARIABLES *RT CONTROL VARIABLES) 
0.2211667864740+03 0,1499616169300+03 -0*5650763474790+00 

-0. 6642654767900-01 0.4003896067400+01 0 .2580766984450-03 

0. 3515240572640+00 -0.1024840596530-01 0 .9340277582930-04 

TARGETING MATRIX - UNVF«SE OF THf SENSITIVITY MATRIX) 

0. 42284043 1797D- 03 -0.7701 715941 340-^2 0 • 2S7725852343D+ 0 1 



A -24 


0.90 733 3677? 030-04 0 . ?05?929s24*in + 0 0 *0 . 1 R?9?(S4*3G890-l> 1 

-0.1 seo 093473430*01 o ,M466ft4o407on*o<; o. lomeGS^aflan + OA 


PREDICTED CUNTROL changfs 

CONTROL VADTARLF CHANGE 

ALPH -0 ft l=;fl3b^095ft07D-0s 

BETA 0.1 G41 1309S740D-OR 

TURN -0. 1750 rto4b?9*6D+00 


{rPnA tfd thrust controls 
control variables 

ALPH 

BETA 

ThRN 


fop next trajectory targeting 
control values 

0.?S79PGQBOOdio + 03 
0. 10 32793^2^90*01 
0 • 1 2s 7 1 4qsooa7U*n* 


ITERATION 


TQTAI CHANGE TO THE CONTROi 

controls variahlfs 

ALPH 

beta 

THHN 


vaRtaoi FS aetep ? tTFPaTTO^S 

IOTA* CHANGE 
-n, l7''244ns3lsS0-n3 
n* 1 7 ^22 004?074n-n5 
O o RirfB174204iaO*n0 



A -25 


Ll-LtfiRATTON POINT TRAJECTORY TARGETING 
ITERATION NUMBER 3 
nevton-raphson targeting algorithm 


spacecraft state vector at Target Julian date 

X-COMP Y-rOMP 7-COMP VX-COMP 

GEO-EC 0.5317914?0564D*04 -0 , 384097R3 10920*04 -0 , ??373 7 06 1 372D+ 02 0,6450265037360*01 

GEO-EQ 0*531 7914705640* 04 -0,3515039536650*04 -0 . 1548583876 B2D* 04 0*6450265037360*01 


W-COMP 

0,8920054601510+01 

0,7749207649770*01 


VZ-COMP 

0,109?43877343Dv01 

O,455o94633013D+O1 


OL VARIABLES 

target variables 

actual target VALUES 

Target error 

target tolerances 

ALPH 

RCA 

0.6560017359090*04 i 

1 KM! 

-0,1735908531550-01 

0.1000000000000*01 

BETA 

ICA 

0,2831799206290+02 ' 

I DEG) 

O,7937l4666064D-O5 

0. 1000000000000-02 

tbrn 

tca 

0*2442238171110+07 ' 

1 DAY) 

0.2979533746840-05 

0. 1000000000000-04 


NOMINAL THHUST CONTROLS FOR THE ClJRPENT TRAJECTORY 
CONTROL VARIABLES CONTROL VALUES 

ALPH 0.2P79?6Q8 00*10*03 
BETA 0,1032793552^90*01 
TBRN 0* t257l48500«7D+06 


CONVERGENCE HAS OCCURREn AFTER 3 ITERAUONS, 

THF TOTAL CHANGE TO THE CONTROL VflRTABLtS IS COMPUTED TO HE 
DELTa-ALPH s -0,1742440531550-03 
DELTA-BETA 2 0, l772?0042U74D-n5 

nEL Ta-TBRN = O.ftlflRl 74204ien*nQ 
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ptfojFCTtn Launch profile 
TRAJECTORY data 


7/ 9/1974 1*. 6,25 


TMJFCTION Oatf 
AZIMUTH 
IS LONUITUDF 
is LATirunF 

RifRM ANGLE 
OHpN? A 'JOLT 
LAUNCH 1 00 
nURNl OUR-SFC 
COAST TlHE-qrC 
d||PN 2 DUR-SfC 
INJECTION TOO 
INJECTION GHA 
INJ l)V (IN) 

STATE (ECU 
Ft FMENTS ( F n ) 
STATE (ECO) 

fi emEnts { f r ^ > 


?442?3h.17T - 
0.897523 07n+0? 
n*?Y94S7->0n + o3 
o*?m>h rooon.^? 
0, 1 7t)OOOOOn + OZ 
n . pooooooon + o 1 

-n , 34400231 n + nO 
n .sooooooop+03 

n* 7r>75?9A?n*n3 

n, i nouo0o0rwn3 
-0. 12H868*6n+oO 
». 24 l61925n+06 
-fl. 24978 056n*"6 
^.51179147^04 
n,6450?650n*ol 

n , 61*943630*0* 
-o .318 71230n+ft2 
n.531 79l47n+A4 
O,64502650n + rtl 

n ,61 *94363n+06 
-o .666896870+ Al 


-0.3*4097810+04 
0,892008460+01 
0.989401270*00 
-0,200282040+01 
-0 ■ 351503950*04 
0.774920760*01 
0,989401270+00 
-0.298690130*0? 


-0 . 223717060+02 
0,1 09243880+01 
O, 567098530*01 
0.248708420-01 
-0. lb485839D*04 
0 , 455094f>30 + 0 l 
0. 203179920*02 
0,248798420-01 
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*+#*******«#*#*»****+*«+**«*++**+»***«.#«**#«+*********»#*+**++* *****+*»***************+++*+***+**++ 0 ++++**»+++*++++** +++*****«*»** 

TRAJECTORY data 


DATF 244?238 # 17T - 1 / 9/1Q74 16. 6.24 

DAYS FROM INJECTION 0*0 


DATA WITH RESPECT 
STATE (ECU 

R-MAG 

v-mag 
RA (ECU 
DEC (ECU 
state <ecq> 

RA (ECQ) 

Dec (ECQ) 

STATE PARTIALS 


EARTH 

0 * 531791470 * 0 * 

0*645026500*01 

0.656003770*04 

0.110610730*02 

324*160 

-0*1Q5 

0.531791470+04 

0.645026500+01 

326,536 

-13.654 

o. ioooooooo + oi 
0.101201430-1 1 
-0.592977100-20 
0.724596970-1* 
-0.8539892RD-1* 
0.57620M6D-21 


-0.384097830*04 

0.092008460*01 


-0.351503950*04 

0.774920760*01 


0*506007130-18 
0 . 100000000*01 
0.197659^30-20 
-0. 8281 1 OR20-19 
-0. 12939?3^D-19 
- 0 * 343698740-21 


-0*223737060*02 

0.109243880+01 


-0.154858390*04 

0.455094630*01 


0*0 

0.395318070-20 

0 . 100000000*01 

0,596417710-21 

-0.374024660-21 

-0.595204650-19 


-0.2177*5470-14 
0»242aO420-l6 
-0.72738524D-I8 
0 • 1 00 0 0 OOOD + O 1 
-0 #463742060-17 
0.207027710-19 


0,323844560-16 
-0.390613470-14 
0*126501780-10 
-0.39749319D-17 
0 * 1 OOOOflOOD + 0 1 
-0. 155270780-19 


-O * ?2 1 3781 2D- 18 
0.1B975267D-1B 
-0.390232700-14 
0 .207027710-19 
-0,129392320-19 
0 . 100000000*01 


data with rfspect rn sun 

STaTE (ECU 0.437606170+Urt 

0.344896710+02 
R-MAG 0.152093020+09 

V-MAG 0.386341270*0^ 

RA (ECL) 2P6.722 

OEC (ECL) -0.000 


-0.1 4566 1S8D+09 -0.658909700*03 

0*1 71742760*02 0.10922083D+01 
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special print point i ’ 
TRAJECTORY data 


DA TF ?442238 # A7I - 7/10/1974 4, 6,24 

hays from injection o,sno 


DATA «ITH RESPECT 
state (ECL) 

P-MAG 
v - M A 6 
*A C t CL 3 
DEC (ECL) 

STATE (ECO) 

R A (ECO) 

nrc (eco) 

STATE PARTIAlS 


T d FARTH 

-0*7147819 in* 0-3 
-0. l«3652?17n + 9i 
0. 140231970*00 
0 .22592^650*01 
120,676 
2.46 4 

-0*714781 91P+03 
-0 . 15b52?17n*01 
123,455 
22.394 

0.244A4] 570*02 
0,11 509?7-*n*03 
0, 119285240*02 
-0»23l^3S4iD-03 
0,334201790-02 
Q.28I 5469O0-0J 


0.120490490*06 
0 • 162851 2bO* 0 l 


0.108)74770*06 
0 « 1 475 1 48 30 *01 


0.460266600*01' 

-0o6957l76)n*0? 

-0,3865^3300*01 

0,474079)80-03 

-0,2127SS6ln-02 

-0.121237910-03 


0.697888530*04 

0.4762145?t)-0l 


0.534237110*05 
Q. 691562080*00 


0.281882530*01 
0,224893870*01 
-0. 192509020*02 
0 • 450485420-04 
0,3751 3? 190-04 
-0, 3.3 3181900^03 


0.263147260*05 
Oo 101707690*06 
0.956126680*04 
•0.923564240-01 
0.292851430*01 
0,234382310*00 


-0,664134130*03 
0,11 6394010*06 
0,930641310*04 
-o ,63341 2140*0 n 
0,357079930*01 
0,256317180*00 


n, U?09lRftO*94 
0,149722300*05 
0,83681 7500*04 
-0.59363938D-01 
0.453462180*00 
0.707541090-01 


DATA WITH RFSPFCT 
STATE (ECL) 

p-maG 
V-mAG 
R A (ECL) 

OF C ffrCL) 


Tn SUN 

0.44893594n*(}« 
n„26403l 550*0* 
n, I6l9bn?nn*09 
0.283481900*0^ 
287,184 
o.nn? 


-0.145166900*09 

0.103194740*02 


0. 533499830*04 
0.475109470-01 
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special print point ?. 

TRAJECTORY oAT* 


OATF ?44??43.m - 7/14/1974 }6. 6.24 

DAYS FROM INJECTION 5.000 


data with respect to earth 

STATE (ECL) 


R-M4G 

V-MAG 

ra (Ecl> 

DEC (ECL) 

STATE (ECO) 

RA (ECO) 

DEC (ECQ) 

STATE PARTIALS 


-O.43530S3?3*06 

-0.66761*660+00 
0.609689130+06 
n .83i46n740 + CiO 
135.569 
1*0?R 

-0.4353G532D+G6 

-0.667818690+00 
138.349 
1 7. IS? 

-0.909551 790+0 J 
0. 19871^070+04 
0. 1 1816^590+0 J 

-0.387864360-02 
0.58l50q7PO-02 
0 . 268637580-03 


0.426744120+06 
0.49565fin7D + 00 


0#387l7n?0n+Q6 
0.453 5S 7840+00 


0.73f 082300*03 
-0 . 13541 7320+04 
-0.630865490+0? 

0 ,289061660-02 
-0.407531070-0? 
-0.163613450-03 


0.109345130+05 

0.29b6]588L>-02 


0.179803640+06 

0.19990770D+00 


0.154038850*0? 
0* 59054 1 110 + 01 
-0,902223550+02 
0.304699040-04 
-0.369841060-05 
-0.1 2338? 030-03 


-0.7453*4960+06 
0. 171448740+07 
0 • 993l 1 93 OH ♦ 05 
-0 . 32567 0 270 + 0 1 
0 .498 1 850 ?H + 0 1 
0.2278fll36n+0n 


-0.U617P08D + 07 
0.223657760+07 
0.1)8983570+06 
-0.465102370+01 
0.668256820+01 
0.290052440+0(1 


-0 .137483380+06 
0.27B61514D+06 
0.234404160+05 
-0.56 37 07920+00 
0.826649430+00 
0.3668799BD-01 


oata wj th respect 
state (ECL) 

R-MAG 
V-MAG 
RA (ECU 
DEC (ECU 


TO SUN 

0.552676570+08 
0.265731 610+02 
0.151510290+09 
0 .268739900+0? 
291 .394 
0.004 


-0. 141070390+09 
0.112948360+02 


0.1 04482310+05 
0.381992950-n? 
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T PAJc*CT0*Y data 


HATF ?44>26ft,l71 - 8/ ft/1974 16. 6.24 

OAYS FKUM INf JECT I ON 3 0 . 0 n 0 


DATA with WFSPFCT TO FAPTh 
ST A IF (ECU -0.lll22onn.U7 

-0.141104470*00 

p-^Ab a ■ 1 43985390 + 0 f 

v-mag a , 1«6^4 ai ?>n+oo 

PA <tCL> 140, 574 

OFC (FCL) Oj]l 

STATE (ECO) -ft , H 1220190*0/ 

-U.141) 044?0*00 

4 A < E C 4 ) 1 4 3 . ft ft 9 

OPC (ECU) 14,760 

STATE PAWTJALS -0. 232861 490. 05 

ft ,2483240 ) O. 0^ 
n.6?2i4/ + rt:>n*0J 
-ft. l0l 357790-01 
ft. 1 *S3) PApn-ol 
ft. l?b?l787n-<) j 


0.914426260*06 0.279839740*04 

0,i?l564Q?0*00 -U.6O363?0OD-O2 


0.837035400*06 0*366353740*06 

0. 11393?) 80*00 0.4?6?4064D“0l 


0.16^269510*05 0.1)4736610*03 

-0. 177255 ft OO* (»5 -0.691 110100*02 

-0.404397810*03 -0.102691770*03 

0.130608000-01 U.7n332S?6U-f)4 

-ft. 1 ] Ql/xOSOO-n 1 -ft .6526D908U-04 
-0.127094140-03 0.530484400-05 


-0.197 1877 70* OP -0. 27 4479 0 ID* 00 
0.211539000+00 0.?6905?960*OR 

0 .Sie?ftft*563D + 06 0 . 69307 f)20O ♦ 06 

— 0»164oi74?D*0? -0.21236020040? 

0.140404630*0? 0.19373^940*0? 

0.1493^4000*00 0.207640380*00 


-0.335415260*07 

0.155386710*07 

0.051636410*05 

-0.260289570*01 

0.237469140*01 

0,199766210-01 


DATA wMH RESPECT To 

SfA'L < fc CL ) 0,ift6«bl?7r>.l)9 -0.10*619760*09 C . 1 Rb 724690*04 

ft.?f)?90f>3OO*U2 0 .?l?09?0ln*02 -0.559127730-0? 

P-mA'.'j 0 . I50?4??in.04 

V-maG •! ,29357675"l*«i? 

PA (ECU 315, n? 

OfO < FCl ) 0 , n ft l 



A -31 


©##**#«*** *»*•••«*« «* *#*# «•*****# ***** ************** ****** O tt* *«»*««»« ****** ** **************** ** «* * * *********** ft * ft* » ** ************* * 


Special PRINT for burn point 

TRAJECTORY DATA 

***«**««**«*«*«*««»*«»*«***«******«*««««**o*************«*«****«***«**ff *«**«*«**««*«***«*»***«**********««*««*«******«**»***•»**•« 


DATF 2442272,716 - 8/13/1974 5.11. 9 

DAYS FROM INJECTION 34.545 


data with respect to earth 


STATE (ECU 

R-MAG 
V-MAG 
RA (ECL) 

DEC < FCL ) 

STATE (ECO) 

PA (ECO) 

DEC IECQ) 

STATE PARTIALS 


-0.116253260+07 
-0.116978070+00 
0*150708710+0 f 
0*158103**0+00 
140.478 
0.015 

- 0 . 1 16253260 + 0 ' 
- 0 * 1 ] 6978070+00 

H2.RR3 

14 . 6*0 

«0*3] l73?54D+0b 
0,319067060+05 
0,604100120+03 
-0. 22157^210-01 
0*l95T57?nn-0i 
0 . 138976060-03 


0 ■ 9590774 30 + Q6 
0*106184690*00 


0.879764400+06 
0. 998633300-01 


0.226060020+05 
-0.228260520+05 
-0 ©4502561 1 D + 0 3 
0.159502050-01 
-0.141190570-01 
-0*104597090-03 


0.401953170+03 

-0.614136520-02 


0*301918680+06 

0*366090180-01 


0*145050520+03 

-Q.973B2925D+02 

-0.178260870+03 

0.845673240-04 

-0*789939250-04 

0.170177850-04 


-0.264181620+08 
0.2T161 3180+06 
0,500908670+06 
-0. 168210870+02 
0.166215850+02 
0.119588760+00 


-0*366827810+00 
0,371981220+00 
0.767017290+08 
-0.25939Q400+02 
0.22952991D+0? 
0. 167376800+00 


-0.440615820+07 
0,457019360+07 
0. <120085430 + 05 
-0. 317983630+01 
0*281 26376D+0 1 
0.15107064D-01 


DATA WITH RESPECT 
STaIE (ECL> 

P-MAG 
V-MAG 
PA (ECU 
DEC (ECU 


Tn SIJN 

0 * 1 14504870+09 
0. l8659nS6f>+02 
0,160060450+09 

0 * 294093 RaD+D 2 
3 ] 9 # 7 35 

-o.noo 


-0.969086140+08 -0 . 2 ] 02 1 8460+ 0 3 

0,227321700+02 -0.511963450-02 
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P A TF 2442274.171 - 8/14/1974 J6« 6.?4 

nAYS FROM Im.iFCTTON 36.ono 


PaTA with PfSPECT Tf FAPTH 

STATE < KCL 1 -0.11812531^+07 n .95 l 7 A 1 4 60 + flh 0 . 4 P6935730 ♦ 0 1 

-0, 18235*570+00 -0 *23118*4 3D+00 -Cl .957 Oti 08 10-05 

9-MAG 0. 15169*2711 + 0 f 

V-MAb 0.294451280+00 

K A ( ECL ) 141.140 

nFC (FCD o.nno 

State (KCQ) -O.ll812?3in+07 n . 8732 1 Rf 2O*06 0 . 37dbS 1 6 1 0* 06 

-c>. iH235ps7n+0o -n. ?i?i o?i ?d*oo -o.9i 98?so4D-ol 
RA (ECO) 143,5*6 

OF C ( £ C <* ) 14.455 

State PAPT7AI S 0. 1 00096900+0 1 -0.1R1 573^40-0? -0.29371 1020-06 0. 125765650+06 

-O. 181^7*040-02 0 . 1 00026== 10+0 1 0 . 24 1 97*9*0-06 -0 . 75 79? 0350 + 0 2 

-0 .293^43*00-06 o . P4l R44620-06 0 . 9qb 7*744L> ♦ 00 -0 - 7b63*S3 8D- 0 ? 

0.15530*1*0-0 7 -0.28796)080-07 -0*3] 7213970-11 0.100 09* 210+01 

-0.28794*760-07 0.407494890-08 0 . 26 1 09 1 94D“ 11 - 0 * 1 80 346280-0 ? 

-0.31665*6*9-11 0. ?60fcM06n-l 1 -0. 1955761 ID-07 -0 . 1 04**7*00-0* 


-0.757973160+0? 
0.125725590+06 
0.622043680-02 
-0.1 ft 0 347750-02 
0.100024610+01 
0.959178730-07 


-0.756677610-0? 

n.6???R)52O-0? 

n.125663350+06 

-0.104774290-06 

0.860)24970-07 

0,998773370+00 


r ) A T A WITH wfcPFCT TO SUM 

STATE (KCD 0 » 1 1681 1 5*n + U* -n • 94 1 2] R*50 + <)8 - 0 » 481 5?0 850 ♦ 03 

0. 18013911"+ 02 0.22861 9540+02 0.946544910*03 

9-MA6 0. 1500129AH+0 ^ 

V-PAG 0.29118^660+02 

PA (LCD 321.140 

OF C ( F Cl > -0 . 0 a 0 


T^pijST S ’A0 0. 1 0000*0*0+01 

SPECIFIC IMPULSE o.21S00nnno+U ^ 

IMTIal S/C MASS O.400*0r*onr> + U3 

**bS P A T F (K6/SFC) 0 . 4 74 8) A 3 1 n-U J 

FINAL MaSS 0 . 33 b 04 ? 4 nO+U 3 

FFC 1MSPT 0F| TA V 0 . 3736 1 Dfi 30 + 0 (i 



CASE N-2 

Long (118 day) Transfer Time Mission to the 
L 2 Point with Impulsive Insertion 
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INITIAL CONDITIONS (FROM TABLE) 

_ TRAJECTORY PATa 


Injection oate 

FLI6MT DURATION 
ARRIVAL DATE 
LIBRAYION POINT 
STATE AT L -POINT 

CENTRAL BODY 
NO. OF BODIES 
BODY NO l 
BODY NO 2 


2442230. 428 ~ 7/ 9/1974 2?. 16. 0 

Uo.oort 

2442356.42* - U/ 4/1974 2?, 16, 0 
? 

O.1U490aOO*O 7 0.995A429lD*06 -0.534697550*01 

-0.217864620*00 0.490686930*00 -0.194642440-05 

Earth 

2 

Earth 

Sun 



A -35 


L2“LIrHaTI0N POImT TRAJECTORY TARGETING 
ITERATION NUMBER 1 
NEwTON-RAPHSON TARGETING ALGORITHM 

TARGETING EVENT AT JULIAN OATE 2442356,427779 

OESIGNATEO TARGET TIME AT JULIAN DATE 2442238.427779 

SPACECRAFT STATE VFCTOR AT INITIAL JULIAN OATE 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP vz-comp 

GEO-EC 0. 1 1 1498P020620+07 0 . 9958459004710+ 06 -0,5346975465810+01 -0 .21 78646151 1 0D+ 0 (1 0+498686925314D+00 •'0.1946*24428480-05 

GEO-FO 0,1114988020620+07 0 , 9 1 3647358 1 93D+06 0.3961711778380+06 -0,2178646151100+00 0 . 457525678628D+ 00 0 » 1 9B39O703252D+ 00 

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE 

X— COMP V-COmP Z-COMP VX-COMP VY-COMP V7-C0MP 

GEO-EC 0.4797810014970+06 -0.72686542870*0+06 0.23.34143990790+00 -0.1907642506350+00 0 . 5 1 06842057470+ On 0.3088672936810-05 

GEO-EQ 0.4797810014970+06 -0.6607043812840+06 -0.2899642456030+06 -0 , 1907642506350*00 0,4685307641410+00 0.2031683114340+00 


CONTROL variables 

TaHGFT VARIABLES 

ACTUAL TARGET VALUES 

target error 

target tolerances 

VX 

RCA 

0.l4Q704R?9B9SD*05 i 

t KM) 

-0. 7bl04a?9fi976D+04 

o,xoonooooonooD*oi 

vv 

I C A 

-0*234a340Bm9?40+D? * 

t DEG) 

0.517614088924D+02 

o.ioooooooooood-o? 

VZ 

»CA 

0,244??4814161tf*07 1 

( DAY) 

•*0 • 97l3fl336£l 70U + 0 1 

0. 10000o000000D-04 


01 FFf RENT I AL TRANSFORMATION MATRIX - (PARTI ALS OF TARGET VARIABLES WRT FINAL EQ-STaTE VECTOR) 

0.136979699633D+00 0.4719708404000-01 0.2046981077570-01 0.1958062921780+06 0 . ll 7956839300D+06 0.5115540582790+05 

0,2307267266130-08 0 . 4 1 038 1 1 1 4404D-O* -0.9463669521100-04 0 . 58026 1 1 6072 1 D-02 0.1032074370920+03 -0.2379914945060+03 

0.1052949280560-04 -0.9843027692940-05 -0.413796 7189450-05 0 . 709977272599D + 0 1 -0.4528661035030 + 01 -0.1963628951200 + 01 

STATE TRANSITION MATRIX - (PARlJALS OF EARTH INJECTION EC-STATE WRT EC-STATE AT LIBRATION POINT) 

-0.1468975444900+02 -0 . B5R849i 79251 0+ 0 1 0.4636503628700-04 0 . 33 16201 8789 1 D+08 -0.4251740482220+07 

0.3280915851190*02 0.1745933243010+02 -0.1124671752440-03 -0 . 71 3 1 0 1 4206O7D+ 08 0.3920874687920+07 

0.5585262132020-04 0 .332367455 | 6nD-04 -0.6817304015260+00 -0 , 1 37599280403D+ 03 0.2216241097640+02 

-0.1985454495240-04 -0 . 1 030 1229299 20-04 0 . 695369062O45D- 1 0 0.4354848517840+02 -0.3078311583120+01 

0.2330931286750-04 0,1299590419510-04 -0.7909556000630-10 -0,5137576063130+02 0 , 399554 ?B7 1440+ 0 1 

0.5456705884860-10 0 . 2703450004290- 1 0 0.5056092358210-06 -0.1166417252500-03 0.4563117318110-05 

TARGET SENSITIVITY MATRIX - (PARTtALS OF TARGET VARIABLES WRT CONTROL VARIABLES) 

0,2795576753890+07 -0.469320454850D+Ob -0.1547021312310+02 

-0.1679847165920+00 0.8579841143000-04 0.2409214105320+03 

0.1653692714350+04 -0 . 1272125602*80+03 -0.3900015346960-02 

TARGETING MATRIX - (INVERSE OF THE SENSITIVITY MATRIX) 

-0.3025417611270-06 -0.1279245820380-08 0.11161557998*0-02 

-0.393287506298D-05 -0.1400433689010-06 0.6648547207750-02 

-0.6861181080340-10 0.4017332212810-02 0.5240*55970120-06 

PREDICTED CONTROL CHaNGfS 
CONTROL VARIABLE 
VX 
VY 
VZ 


UPDATED INITIAL EC-STATE VECTOR 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP 


CHANGE 

-0.2030359252890-02 

-0.8304431773640-02 

0.49263T194518D-01 


-0.7586136153440+02 

0.1605585123410*03 

-0.1474587499010+07 

-0.1017640679760-03 

0.1129869581600-03 

-0.3732192944570+00 
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0.1 U49aRU206?n + 07 O.QQSfl^290847lD*06 -0 .53469754656 1 0*0 1 -0 * H 1 9R94974363D* Q 0 


0. 490 3BP493540D 4^00 0 .492*1 7730273D-0 1 


TOTAL CHANGt TO THE CONTROL VaNIArlfS M TER 1 ITERATIONS 


CONTROLS VARIABLFS 

TOTAL change 

v* 

-0.?0J035925?«90-(t2 

VY 

-0.830443 17 73ft <*n- 02 

V 1 

0.492637194518D-01 
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L?^LlR«ATlON POINT TRAJECTORY ' TARGETING 
ITERATION NUMBER 6 
NEwTON-RAPRSON TARGETING algorithm 




SPACECRAFT STATE VrCTOR AT TaRGET JULIAN DATE 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP vz-comp 

GEO-EC -0. 3053192044750+04 0 .580*1 ?36 1 0300+04 -0 . 2339596282330+ 02 -0 « 0360455909660 ♦ 0 1 -0 *4373046752330*0 1 0 *577 15571 2924D+01 
GEO-EG -0.3053192044750+04 0 .533*1 A909809D+04 0 . ??8838472696D+ Q4 -0.0360455909860+01 -0.6308109934790+01 0.3555439401930+01 


control variables 

Target variables 

actual target values 

TARGET ERROR 

TARGET TOLERANCES 

VX 

RCA 

0.6560000030900+04 

( KM) 

-0.3090208429060-04 

0.1000000000000+01 

VY 

ICA 

0,2831 7999869 3D 4 02 

( DEG) 

0 * 1306531 678240-06 

0.100000000000D-02 

VZ 

TCA 

0.2442238427789*07 

t DAY) 

0*1136? 13541030-06 

0.100000000000D-04 


CONVERGENCE HAS OCCURRED AFTER 6 TTERAIIONS. 

THE, TOTAL CHANGE TO THE CONTROL VARIABLES IS COMPUTED TO BE 
DELTA- VX = -0.3l9948655939n-n2 

DELTA- VY = 0 .874^54539096n-T2 

DELTA- VZ b 0.3652790601 l&n-Ol ** - 
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LAUNCH PROFILE for FARoEliNG 
TRAJECTORY data 

»«««««»»« o ****©«#****« <HHXHX» o****** 0**0# ** «M> ft 4MMKJ i> «* O ****** <| <M> »*« * 


7/ 9/1974 ??.2U 2 


Injection date 

A7IMUTH 

LS longitude 
is latitude 
R l.lHNl angle 

RHRN2 ANGLE 
LAUNCH TOD 
RIIBM DUR-SFC 
COAST TImE-SFC 
RURN2 DUR-SFC 
INJECTION TOD 
INJECTION GHa 
INJ DV (IN) 
STATE (ECL) 

ELEMENTS (ECL) 

STATE (ECO) 

ELEMENTS (ECO) 


?44£?3rt 0 0) - 

0.897513350*0? 

0.?7945?n0n*ri3 

n. ? 83 l 70 oon*n? 

o. i 700 ounon*n? 
o.RooooOnOn*ot 

-o.l 1 47fc60in*oo 
0.^0000000n*n3 
fl.^3?87l53n*n4 
Oq 1 ftOODOOOn+n3 
-0. *87160660-01 
0 .?4) 6S30?n+06 
-n.?497?991p*n5 
-0* 30SJl9?0n*O4 
-r .83604559n+ol 
o .SR6b97oln+n6 
0*11 A07200O+03 
-c.3053l9?0n*O4 
-0.836045590*01 
0 .Sft659701n+Oh 
n. 76085710 n + o? 


0.5«061?36O*04 
“0,437304680*01 
0,988816850*00 
~0, 392535030*0(1 
0 • 53361 8910*04 
“0,630818990*01 
o.9aaai6a50*oo 
0.473385160*02 


-0,233959630*02 
0.5/7155710*01 
0.314584660*02 
O.947I50V1O-O3 
O.?20830^7O*Q4 
0.365543940*01 
0,203180000*02 
0 • 94/1S891D-03 
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L2-LIRKATI0N POINT TRAJECTORY TARGETING 
ITERATION NUMBER 1 
NEwTON-RaPHSO n targeting algorithm 

tf ft * <M> ««««« »*««»««««««*«««« tf *««»*»*»»» eo****^ *6 ft** 4 * ft 4 * 0««a ***«£» * 

TARGETING EVENT at JULIAN DATE 244235*4 431284 

DESIGNATED TARGET TIME AT JULIAN DATE 2442230.431284 

SPACECRAFT STATE VFCTOR AT INITIAL JULIAN DATE 

X-COMP Y-COMP 7-COMP VX-COMP VY-COMP V7-COMP 

GEO-FC 0*1114926010020+07 0 . 99591 n 3996320+ 06 -0 .5343 757979990+ U 1 -0*2210641016690+00 0 *50 742947Q 705D+00 0 . 3652595958740-0 1 

GEO-EQ 0*1114926010020 + 07 0.9137092779000+06 0 * 3961 980307920 + 06 -0.221 0641 0 16690+ 00 0*4510147141200 + 00 0*2353016923070 + 00 

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE 

X-COMP Y-COMP 2-COMP VX -COMP VY-COMP VZ-COmP 

GEO-FC 0*3357287177430+05 -0 . 1 1 4n 206509800 ♦ 05 -0.1404024650170+05 -0*3274440110230+01 0 . ?957 1 84320 1 0D+ 0 1 0.9170714211200+00 

GEO-EO 0.33572071774 30 + 05 -0 .45570 3630 7760+ 04 -0.1015140338170 + 05 -0 * 3274440 1 1 0230+ 0 1 0*2348257517970 + 01 0.2017031940290 + 01 


control variables 

TiRRFT VARIABLES 

ACTUAL TARGET VALUES 

Target error 

TARGET TOLERANCES 

VX 

RCA 

0. 6560202132610+04 ( KM) 

-0*9282132612950+01 

0, 100000000000D + 01 

> VY 

ica 

0,2832133324200+02 ( DEG) 

-0.3333242045980-02 

0. 100000000000D-02 

vJo VZ 

TCA 

0.244223851136D+07 ( DAY) 

-0,0007917110810-01 

0. 100000000000D-04 


DIFFERENTIAL TRANSFORMATION matrix - <PARTIALS OF TARGET VARIABLES WRT ^ INAL ED-STATE VECTOR) 

0.3923996658600 +00 0 . 697 1 1 94 1 3 ] o?D ♦ 0 0 -0 , 1 1 460R022720D+00 0*1462191243070+04 0 * 6645 0 6rt3306?O ♦ 04 0.9907889641000+02 

-0.541 01 28R0705D-03 0 . 1344686336990-03 -0 • 1034417736510-02 0.1335432572070+01 -0 .33 1 921594423D+ 00 0 . 2553349020890+0 1 

0 *2504667655830-05 0 . I 07 ?09555o5RD-05 -0.1169954641930-05 0 . 1 2469 1 07 B9 1 2D-0 1 0 . 5506966205530-02 -0*5795259493220-02 

STATE TRANSITION MATRIX - (PARTIAL. S OF LaRTH INJECTION EC-STATE wRT EC-STATE AT LlBRATION POINT) 

-0*3415805305760 + 0 3 -0 . 1 832532 05930D + 03 0 * 783?57560536D + 0 I 0, 751 19767171 l D+ 09 *0.59530 51704760 + 08 

0.3082702404220+03 0 . 1 65292 1 29« 070+03 -0.7050444074720+01 -0,6775044136770+09 0 .5303054576360+ 08 

0*9576066621000 + 02 0 . 5 1 3693 1 Q052PD + 0* -0 . 2244 1 09685 1 7D + 0 1 -0 * 2 I 05644429750+ 09 0*1660 418994 020 + 0 8 

— 0 « 24 88 8 38 2B0 3RD- 0 1 -0 . 1 33 4 62 9 9783 40-0 A 0 * 572 1 26850 095D-0 3 0 . 54 7 1 55265 1 46D + 06 -0.4300 214115250 + 04 

0*8451 00 05529 AD-02 0.4530*07304940-02 -0 . 1 95l 69ft 066 7 0D"0 3 -0 * 1 859644964360 + 05 0 . 1 4942 1 6 1 625fl0 ♦ 0 4 

0*1098550881200-01 0.58924479631*0-02 -0 . 24699 135 0 1 370-03 -0 . 24 1 5499b 747 0D+ 05 0.1907860298190+04 

TARGET SENSITIVITY MaTRjX - (PARTTALS OF TARGET VARIABLES WRT CONTROL VARIABLES) 

0*3901171726080 + 06 -0.200734516] 1 AO + 06 0.7614847317940+05 

0*4509063255540+01 Q.321O927O19S0O+O 3 0.4829829612420+03 

0.2655467617570+04 -0.2101 107234650+0^ -0.1073474277810+03 

TARGETING MATRIX - (INVERSE OF THf SFNSITIVITY MATRIX) 

-0.2260 796474040-06 0 * 1 26677?9Q2 08D-03 0,4095799736670-03 

-0*4328618532370-05 0 . 8234909ft 1 l 45D- 03 0 . 6 3452 29 *9 1 57D-03 

0*2879826700640-05 0.1521817383390-02 -0 . 4256&206 1 7 09D-03 

PREDICTED CONTROL CHANGES 

CONTROL VARIABLE CHANGE 

VX -0.3)122*6962210-04 

VY -0. 1337815846860-04 

VZ 0.22831*6047610-05 


updated initial EC-STATF vector 

X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP 


-0. 3054289090760+08 
0,2756693218100+00 
0*0138619630640+07 
-0,2212034902050+04 
0.7489260672550+03 
0*1003349144650+04 
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O.U 14926010020+07 


0 4 9q 591 039963?0+Ob -0 « 5343757979990+0 1 -0,2210952242390+00 0 *5074 L6092547D+00 0*3652324273340-01 


TOTAL CHANGE TO THE CONTROL VARIAPLFS TER 1 ITERATIONS 
CONTROLS VARIABLES TOTAL CHANGF 

V# -0. 3 H 2256962? In-n4 
VY -0. 1337315846*60-04 
V2 0.22*3146047610-05 
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L2-LIbRATT0N point trajectory targeting 
iteration NUMrfR 3 
newton-raPhson targeting algorithm 

spacecraft state vfCtor at target Julian rate 

x-comp Y-COMP z-comp vx-comp vy-comp VZ-COMP 

GEO-EC -0.3053447983060 + 04 0 . 580S9RR72396D+04 -0 . 2346 1 88720 12D+ 02 -0 . 836O067SO295D+0 1 -0. 4373360295400 + 01 0.5771882188880+0! 
GEO-ER -0.3053447983060+04 0.5336091572070+04 0 . 2?882705B2?2D+ 04 -0.8360067502950+01 -0.6308606916200+01 0.3555612894080+01 

target tolerances 
o.ioooooooooooo+oi 
0.100000000000D-02 
0. 1 00000000000D-04 


control variables 
vx 
VY 
VZ 


target variables 

RCA 

ICA 

rcA 


actual Target values 

0,6S6n00000024D*04 ( KM) 
Q.283179999653D+Q2 ( DEG) 
D # 244?23843I2BD*07 ( DAY) 


Target error 

-0 ,8240170245700-05 
CU346554891451D-07 
“0*i3Q3PSl60446D-O7 


CONVERGENCE HAS OCCURRED AFTER 3 iterations. 

the total change to the control variables is computed to be 

DELTA- VX r -0.30964034ftb32D-D4 
DELTA- VY = -0.1199770028520-04 
DELTA- VZ = 0.212B67757S84D-05 



pKnjFnKn Launch profile 
TRAJECTORY DATA 

»« ««»«««»« O *■»**«« tt O »0-e ««« #»*##* # * *4 <M> O *# tt *# O O* 4 * O »»«««■ &***#<>** » « » * » *** * »* »*» ** 6 ft «■ tt * » 0 * tt Ott * « ««**«* 


7/ 9/1974 ?? 0 ?1* 4 


INJECTION DATE 
A 7 IMUTH 
LS LONOrTUPF 

ls lat [ runt 

RlfPNl ANGLE 
RURN2 ANGLE 
launch rnn 

riihm uuh-sfc 

COAST T[m£>SEC 
RURN2 UUR-SFC 
INJECTION TOO 
INJECTION GHA 
INJ OV (IN) 

state <ecl> 
elements (Fa.) 
STATt (ECO) 
ELEMENTS (ECO) 


2442238,431 - 
0*897513230+02 
"*27945700n+o3 
(>*28 1 17000^ + 02 
0 * ] 700o000n*n2 

n. ^ooooooon+'U 

-o.n** TS04en + no 

o. 5000oooon+n3 

0 • 33787248n+n4 
Oft ] O00o000n+n3 
-0*687004?9o-nl 
n • 24 1 653020 * 06 

-0.249779910+05 

-0.305344800+04 

-0.8360o675o+nl 

0.586596910+06 

o, 1 1807b44n+n3 
-Oft 30S344F0n + 04 
-Oft A3^on67Sn+oi 
0.586596910+06 
0*7609] 3400+0? 


(I .580598870+04 
—0*437336 0 30 + 0 1 
o.98R8i686o+oo 
-0.3925603?0+00 
0*533609160+04 
-0*630860690+01 
0*988816860+00 
0*473364710+0? 


-0.234618870*02 
0. 577188220*01 
0*314574410*02 
-0.1 08884290-03 
0.228827060*04 
0*355561290*01 
0,283180000*02 
-0.108884290-03 
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TRAJECTORY DATA 

DATE 24*2236.411 - 7/ 9/197* ? 2,21. 2 

DAYS FROM INJECTION 0.0 

DATA WITH RESPECT TO EARTH 

STA*E (ECU -0.305344800+04 0 . 58 059887D + 04 -0*234618870+02 

-0*&360 06750+0 i -0 , 437315030 ♦ 0 1 0 * 577 1 88220 ♦ 0 1 

R-MAG 0 « 656 OOfiOOD + 0 4 

V-MAG 0 # 1 1 0603630 + 02 

RA (ECU 117*740 

DFC (ECL) -0*205 

STATE (ECO) -0*305344800 + 04 0 * 533609 1 6D + 04 0.228827060 + 04 

-0.836006750+01 -0.630860690+01 0. 35556 1 290* 0 1 

RA (ECO) 119.779 

dec (ecq) ?o a 4 1 5 

STATE MARTIALS 0 . 1 00000 OOD+0 1 -0 . 509624230- 1 6 0*0 0 . 14552933D-1 3 -0 *244715630-16 0*0 

0*0 0*100000000+01 0*0 -0*615710760-17 0 . I4430o650-l3 0*509824230-18 

-0*31864*140-1* -0*318640140-19 0 . 1 0 0 0 00 0 0O + 0 1 -0 * 152947270-17 0.0 0.133288450-13 

-0.103903580-1* -0.597445420-19 -0.194819160-20 0 * 1 0 0 0 ft 0 0 00+ 0 1 -0.265993090-17 -0.1324 77030-18 

-0.623421310-19 0.545493640-19 0*357168460-20 -0.199494820-17 0 . 1 00 000000+ 0 1 0.249368520-18 

-0.211 054 OQD-20 0* 373403390-20 -0.467565980-19 -0*135074620-18 0 *249368520-1 R 0 . 1 OOOOOOOD+O 1 


DATA WITH RESPECT TO SUN 

STa(E (ECU O.44382U8O + O0 -0.145460610 + 09 -0*701790040 + 03 

0*196426200+02 0 . 42 040893D + 0 1 0 . 577 1 7 1620* 0 1 

P-MAG 0.152080630+09 

V-MAG 0.20900?30D+02 

RA (ECL) 286.968 

DEC (ECU -O.nnO 
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trajectohy data 


DATE ?44??4A.4'U " 7/19/1974 22.21. 2 

hays from injection io.ooo 


DATA rflfH RFSPFXT 
SUTE < ECL ) 

R-MAG 
V-MAG 
R A (ECU 
Dp C (ECU) 

STATE (ECO) 

fiA (ECU 
Up C i ECU) 

STATE MARTIALS 


TO FftRTH 

0 . 38] 55*790+06 
n. 27481 iS6D+oo 
0 ,885?t5060+0e> 
0 *b316ln59O+00 
293. 4?8 
2.760 

0 • 35lS56 7 { >0 + Ot> 
0.2748US60 + 00 
294. 7«7 
-1 8.6R9 

-0.535374820+03 

0,3^S33c;1‘tD*U4 

-o* nt>t*S7iw+o>i 

-0, l<sl 306070-02 
0.546619380-02 
-0*734«2^74n-UJ 


-0.811 293160+06. 
-0.454625960+DO 


-0.761286040+06 

-0*449103920+00 


0. 1 U4R3R9D + 04 
-0*614543320+04 
0* 11087636D + 04 
0.312738060-02 
-0.303520890-01 
0*125643760-0? 


0,426254200+05 

-0.211002550-01 


-0. 2*3649590+06 
-0.199304810+00 


-O.lll M514D+03 
-0.249691P2U+02 
-0,643667170*02 
-0.68961&05D-04 
0.819289470-05 
-0.383005800-04 


-0.107066630+07 
0 , 6222678 00+07 
-0.120529230+07 
-0.310644450+01 
0.10456463D+0? 
-0.132071890+01 


-0,701631690+06 
0,31991ft30D+07 
-0.537915420+06 
-0.16961466D+01 
0. 542459800+01 
-0.639483810+00 


0*783636190+06 

-0.427805600+07 

0.012332270+06 

0.216322690+01 

-0.720717920+01 

0.893250490+00 


OflTA with rfspect 
STATE (PCD 

R-MAG 
V-*AG 
«A (ECU 
OFC (FCL) 


TD SUN 

o.6H2i)3nn7n+o0 
0.2645664 5H + 02 
0.152904740 + 0 ’^ 
0.293654470+02 

296*490 

0*016 


-0.136052160+09 
0. 1274269PD+02 


0.42535056D+05 
-0. 19376750U-01 
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trajectory data 


DATE 2442356.431 * 11/ 4/1974 ?2.21. 2 

DAYS FROM INJECTION ll&.OflO 


DATA WITH RESPECT 
STATE (ECU 

R-MAG 
V-MAG 
RA (ECU 
DEC (ECU 
state <eccm 

RA (ECO) 

DEC (ECU) 

STATE PARTI ALS 


TD EARTH 

Doll 1492600+ 0 f 

-0.221095060*00 

0,149495740*0' 

0 . 554697960*00 

41.773 

-o.ooo 

0*11149?S0D*07 
•0 • 2 ? 1095060*0 0 
39.335 
15.360 

-0.100406130*0 ( 
0.79361r4?D*05 
0.407 37057D*05 
-0.456969100*00 
-0,245llQSnD*0U 
0.104891510-01 


0.995910400*06 

0.507417470*00 


0.913709 ?0D*O6 
0.451002860*00 


0.191115040*07 

-0.151107050*06 

-0.771021650*05 

0.869065940*00 

0,466184500*00 

-0*19965nn9D-01 


-0.534408440*01 

0.365280880-01 


0.396196O3D*06 

0.235370070*00 


-0.798834610*04 
0 * 7788 1 366D* 03 
0.400040?3D*03 
-0.359701260-02 
-0.194056730-02 
0.792700740-04 


-0.192499500*10 

0*152009530*09 

0.778499240*08 

-O,07539l37D*O3 

-0.469570640+03 

0.201088860*02 


-0.100743830+10 

0.797071700+08 

0,406387670*08 

-O.458O8330D+O3 

-0.24573719D+03 

0.10529297D*02 


0.132908060*10 
-0. 105067440+09 
-0.537200730*08 
0.604384360*03 
0,324207200*03 
-0 a 1 38790240*0? 


DATA WITH RESPECT 
STATE (ECU 

R-MAG 
V-MAG 
RA (ECU 
OEC (ECU 


TO SUN 

0 . 111741060+09 

-0.205397220*02 

0.149830040*09 

0.305543190*02 

41,773 

-o.ono 


0.99R1381 7D+08 
0,226204510*02 


-0.535567900*03 

0*375020640-01 


imp insrt delta v 


0.287354l4D*OU 



APPENDIX B 

Selected Sample Output from ERRAN 


B-l 



CASE E-l 

Short (36 day) Transfer Time Mission to the 
Point with Finite Burn Insertion 


B-2 



0 


INPUT DATA FOR P R 0 R L E M . 

mODF TO RE EXECUTED* . .ERROR AMALYSl* 

LAUNCH DATE 7 9 1ft ft 29.421 1974 JULIAN DATE , . .*442238 • 1 7 1 n 595 

FINAL DATE « 14 1ft 8 34.000 1974 JULIAN DATE * * .*442274 . 1 72ft 1 570 

INITIAL TRAJECTORY Tt^E = 0.0 

TNFRTIAL frame is geocentric fcl t °t i c 

INITIAL state vector 
at trajectory time 0.0 


state 

X-COMP 

Y-CUMP 2-COMP 

RADIUS 

X-DOT 

Y-nOT 

7-DOT 

VELOCITY 

INFRTTAL 
HELIO- 
HOT. GPO- 

0*531791 SO* 04 
o.4376oS3n+oe 
0.52005360+04 

-0,38409780+04 -0.2237371D+0? 
-0. 14566160+09 -0-^4305640+03 
0.39080430+04 -0-2237371D+0? 

0.65600180+04 
0,15209300+09 
0.656001 8D+04 

6 * 46026504 
34*48967577 
-6.68646646 

B. 92008460 
17,37425886 
fl. 7428362ft 

1 ,092»387T 
1.09220739 
1.092*3877 

11.06197319 

38.63812381 

11.0607161? 


THE FOLLOWING QUANTITIES are to PE AUGMENTED to the STATE VECTOR 

measurement consider Parameters 

*ADIUS 1 
lat 1 
LONG 1 
RADIUS 2 
LAT 2 
LONG 2 
RADIUS 3 
LAT 3 
LONG 3 


co 



MEASUREMENT no 


1 AT TWAJFCTOPY time 


0.04? 


problem 


0 


RANGE-RATE WAS MEASURER FROM S t ATIUN ) AT TRaJFCTOBY TIME 0,0^200 DAYS 

INITIAL TRAJECTORY Time n.o 

FINAL TRAJECTORY TjME 0.042 

Initial 

AT TRAJECTORY TIME 0.0 


STATE 

X-COmp 

Y-COMP 

^-COMP 

P AO I US 

X-OOT 

Y-rtOT 

7-DOT 

velocity 

inepttal 

HELTO- 
ROT , GEO- 

n, 53179150*04 
0.43760530*08 
0.52005360*04 

-0,38409780*04 
-0. 14566160*09 
0.39^80430*04 

-0.22373710*0? 

-0*64305640403 

-0.^2373710*0? 

0,65600160*04 

0.15209300*09 

0.65600100*0** 

6,45026504 
34,48967577 
-6. 68646646 

e,9zoon«60 

17,-17*25886 

8,7*283626 

1.09243077 
1.09220739 

1.09243077 

11 .06197319 
38.63412381 
11 .06071617 

F Inal 

AT 

TRAJECTORY TIME 

0.04?0 







state 

x-COmP 

Y-COMP 

2-COMP 

RADIUS 

X-DOI 

Y-OOT 

7-00 Y 

VELOCITY 

inepttal 

HELIO- 
ROT. GEO- 

0 • 35450820*04 

0 .43B6050DO* 
-0.21422970*05 

0.23441020*05 
-0 . 14560360*09 
0.10154090*05 

t>. 21289000*04 
0.1507^970*04 
0.^1289000*04 

0.23802970*05 
0.1520 66 3U*09 

0.23802970*05 

-2.20098263 
25.75253596 
-5. 1 1 826884 

5, 28705905 
13.76113995 
-0.65535263 

0,30967735 

0.30945590 

0.30967734 

5.76643523 

29.20030554 

5.76402512 


STATE TRANSITION MATRIX PARTITIONS OVER* 0„0 * 0.0A2) ..TRANSPOSES shown 

M 0.042) Y( 0.042) Z( 0.042) VX< 0.042) VY < 0.042) VZ t 0.042) 

V, 0.0 ) O.6979?47910D*(ll 0.?6701S?575D*01 0 . 698 056693 OD * 0 0 0.17035931690-02 0 „ 1 654 0659200-02 0.27239087010-03 

v 0 0 ) —0.11 1 7^605940*01 -0. 1^4969 0 010*01 -0 * 45230 654?7U-0 1 -0.25947729490-03 -0.93274 0 07560-03 -0,29095280 010-04 

7( 0 *o , 0. 3857607 35 UH* 00 0 , 1 64J95984 70 ♦ 0 0 -0.16210403430*01 0.11462006840-03 0.76807351340-04 -0.74135047620-03 

V x< n n > 0.5RS0l 72867n^04 0 . ?58 1 976 1 600 ♦ 04 0 .43621 29575l»*03 0 . 1 649 1 5 7 11 40* 0 1 0 . 1 4528758040*0 1 0.19622566590*00 

VY f o.o > 0.13597923260*04 0,1^92640910*04 0,22485412580*03 0 , 66043*63660* 0 0 0 . 1 43969954 00*0 1 0 . 1 33 1462234D* 00 

VZ< 0.0 ) 0o 3354444422D + 03 o . 292494 34540* 0 3 0.19575249380*04 0.13080924970*00 0 . 1 770 0288 1 60 *00 0.28986826900*00 

SOLVE-F0R PARAMETERS 


— NONE 


DYNAMIC CONSIDER PARAMFlFRS 


—NONE 

IGNORE PARAMETERS 


—NONE 


DIAGONAL of dynamic noise matrix 

0.0 0.0 0,0 0.0 0,0 


OBSERVATION MATRIX PARTITIONS — TRANSPOSES SHOWN 

RaNgF-RaTE i 1 ) 

X -0.70113663160-04 

Y -0.86350995600-05 

2 0,83469596820-06 

VX -0,1206211 .1300400 



VY 
V 2 


0.98*3591 651U+00 
0.9271A43301D-01 


SOLVF-FOW PARAMETERS 
--NONE 

dynamic consider parameters 

--NONE 

MEASUREMENT CONSIDER PARAMETERS 

RADIUS 1 0.6679SM7?70-O5 

LAT 1 0- 1656PRA629D-01 

LONG 1 -O.5253?45?07l)-O? 

RADIUS 2 0,0 

LAT 2 0.0 

LONG 2 0.0 

RADIUS 3 0*0 

LAT 3 0.0 

LONG 3 U.O 

IGNORE PARAMETERS 

— NONE 

03 

1 

MEASUREMENT NOISE MATRIX 

0 . 166 ** 6670-13 


gain matrix partitions 

k-matrix 

0.181 * 73 * 4 ^ 3 D +05 
0.37Q7*210R3Q*04 

- 0 . 23 * 0 * 792 * 80+04 
O.46PA7O32O0O+O1 
0.2901R15719D+01 
-0. 1 794*9402 1 D-0 1 

$-M A TR I X 

NOT DEFlNEH 

CORRELATION MATRIX PARTITIONS AND STAmOaRO DEVIATIONS AT TIME 



STD DEV 

A 

Y 

X 

0« 22645444(1 *03 

1,00000000 


Y 

0 • 254292 02n* 02 

0.553^2390 

1,00000000 

2 

0.988548060*02 

0.08S65697 

-0.49235532 

VX 

0.55U2515D-01 

0.99962146 

0.56997860 

VY 

0.26215466D-01 

0,97228975 

0.72536722 

vz 

0. U443271O-01 

0.30002226 

-0.33009576 


RSS POSITION ERRORS. . • n .24839591*7*40* 03 
RSS VELOCITY ERRORS. ♦ . 0 b 6 27 156 124 04 9D W 0 l 


0.042 days* just before the measurement 

2 VX VY V Z 


I.OOOOOUOO 

0.08603995 l.OOOOOOOO 

-0.01699310 0.97751128 1.00000000 

0.97297967 0.30*90698 0.20691705 l.OOOOOOOO 



SOLVe-FOR PARAMETERS 
— NONE 

dynamic consider parameters 


—NONE 


MEASUREMENT 

CONSIDER PARAMETERS 


RADIUS 1 

o.o 

0.0 

LAT ] 

0,0 

0.0 

LONG 1 

0,0 

0.0 

Radius ? 

0,0 

0.0 

LAt ? 

n . o 

0,0 

LONG ? 

0.0 

0.0 

RADIUS 3 

o.o 

0,0 

LA \ 3 

0.0 

0.0 

LONG 3 

0. 0 

0.0 


no solve-fop parameters 


CORRELATION- MATRIX PARTITIONS AND STANDARD DEVIATIONS AT TIME 



STD DEV 

X 

Y 

X 

0.1 9769567*403 

1 .00000000 


Y 

0.106602R3n4o2 

0.30115667 

1 . onoooooo 

7 

0.97016436040? 

0.10077640 

“0 .P7 05438 1 

vx 

0. 474019010-01 

0,99994170 

0 , ?9629 1 35 

VY 

0.193919100-01 

0.99740538 

0,36900911 

V7 

0. 1 44429590-01 

0 , 354 1 6931 

-0,771 07876 


RSS POSITION ERRORS. • . 0 » 22O9206O73S ) D* 03 
RSS VELOCITY ERRORS. . . n.53?l2617UfcnO-OI 


SOLVE-FOR PARAMETERS 
—NONE 

DYNAMIC CONSIOER PARAMETERS 
— NONE 


0.000021 35 
0.00001S93 
0.00000133 
0 , 0 
o.n 

0,00000120 
0.0 
n . o 

0.00000120 


MEASUREMENT CONSIDER PARAMETERS 
l -0 .0000055 1 

-0.00O004P0 

0,000^0034 

? 0.0 

0.0 

0.000 00031 

* o.o 

0.0 

0.00000031 


NO SOLVE-EOR PARAMETERS 


0*0 0,0 0.0 0*0 

0.0 0*0 0.0 o.o 

0.0 0.0 0.0 0*0 

0.0 0*0 0.0 0*0 

0.0 0*0 0.0 0.0 

0.0 0*0 0*0 0.0 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0*0 

0,0 0*0 0.0 0.0 


.042 DAY5* JUST AFTER THE MEASUREMENT 


2 

vx 

VY 

VZ 

1*00000000 




0,18774698 

l.oonooooo 



0*10988723 

0. 99686695 

1*00000000 


0.90213175 

0.36132038 

0.28660602 

1*00000000 


0 *0000 0 A 44 -0.0 00 00595 

0*00000120 -0.0000051* 

-0.00000009 0*00000037 

0.0 0*0 

0.0 0.0 

-0.00000008 0.00O00033 

0.0 0*0 

0.0 0*0 

-0*00000 000 0*00000033 


-0.00000097 0 Q 000 00007 

-0.00000795 O.OOOOOOOT 

0.0000005* -0.00000000 

0.0 0*0 

0.0 0*0 

0.00000050 -0.00000000 

0.0 0.0 

0.0 0*0 

0 .00000050 -0*00000000 



ERROR ANALYSIS mode- GUIDANCE event at TRAJECTORY TIME 0,500000000*00 oays problem. • 0 



AT TRAJECTORY TIME O.50O0 


STATE X-COMP Y-COMP /-COMP RADIUS X-DQT Y-OOT Z-OOT VELOCITY 


INERTIAL “0 • 71 478190* 05 0 . 12049950+06 0 . 5970005D+ 04 0 . 1 4 023200+ 0 6 -1.56522173 1.62851249 
HELIO- 0.44893510*08 -0.14616690*09 0.53508110*04 0.15195020+09 26.40316035 10.31945751 
ROT. GEO- -0.13624540+06 -0.32656590+05 0*^9788850+04 0 . 1 4 02320D+ 0 6 -£.0*476295 -0.98753505 


0.04762145 2.25925647 
0.04750999 28.34819812 
0.04762156 2*25326504 


state TRANSITION matrix PARTITIONS OVrR ( 


— TRANSPOSES shown 


X( 0.458) 
’ Y { 0.458) 

Zf 0,458) 
VX( 0.468) 
VY( 0,458) 
V7{ 0.458) 


Xf 0.500) 
0.99073406760*00 
•0.14106860660-02 
•0 .70973966840-04 
0.36284956950+04 
-0.16601513960+01 
-0.83229006070-01 


solve— eor parameters 


dynamic consider parameters 
—none 

Ignore parameters 


Y( 0.500) 
*0.141 06763400— Q 2 
n. 1 001345724D + 01 
0.12227182280-03 
*0.16601434750+01 
0.36303712690+04 
0,14259377100+00 


Z< 0,500) 
-0 .70977064040-04 
0. 1?2?7128?60-03 
0 .99892135780+00 
-0*832?8 351490-01 
0.1425933334D*00 
0.362753384QD+04 


VX< 0,500) 
-0.13867977710-06 
-«• 75712958610-06 
-0.37963294540-07 
U.9997620404n+00 
-0.13362696190-02 
-U.66762Q0577n-04 


VY ( 0,500) 

-0.75711 663260-06 
0.71713919720-06 
0.65059e30T4n-07 
-0.13362805370-02 
0.10012554360+01 
0,1)377511240-03 


V7< 0.500) 

-0,37962225320-07 
0,650591 1I33D-07 
-0,57723671500-06 
-0,66761256130-04 
0,11377460790-03 
0.9989R35939D+00 


— NONE 


DIAGONAL of dynamic NOISE MATRIX 

0*0 0.0 0,0 

MATRIX 1 s PHI*P»PHI (TRANSPOSE) 

0*2585315219010+00 0 , 2639906 1 7p040* 00 0 • 73849 35 O233?0 ♦ 0 0 

0.2639906178040+00 0 . 3443998709 1 30+00 0*1072351979760*01 

0.7384935023320+00 0. 1 07?351 979760+0) 0.351777547172O+01 

0.8834939089000-05 0 . 11 8*650 046740-0 4 0 * 3726 06896 08 ?0-04 

0.7218945360020-05 0.9611 0 35258 13H-08 0 . 30 1 91964 0 O90O-04 

0.66781 052367 20-06 0.3034496047900*05 0 ♦ 1282837? 154 A 0-04 

TOTAL COVARIANCE MATRIX AT K+l 

0 .255531 5219010+00 0 . 26399061 78 04D+OO 0* 7384935 02332D+00 

0.2639906178040+00 0 . 344?9q«709 130+ 00 0.1072351979760+01 

0.7384935023320+00 0 . 1 07?35 1 979760+0 1 0.3517775471720+01 

0.8834939089B0D-05 0 . 1 1 8?65084674D-04 0 . 3726068960820-04 

0.7218945360020-05 0.9611 035250130-09 0.3019196600900-04 

0.6678105236720-06 0.3034496047900-05 0 ♦ 1 2828372 1 5440-04 

CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS AT 
RASED ON MEASUREMENTS UP [0 TIME 0.458 OAYS 

STO OEV X Y 


0*0 0.0 o.o 


0.8834939009800-05 0 , 721 *945360020-05 0 .66781 (15236720-06 
0.1182650846740^04 0,96]i 035258 13D-05 0. 30 34496047900-05 
0.37260689606^0-04 0.3019196600900-04 0*1282037215440-04 
0.4074866044420-09 0.3307919340640-09 0 . 1 1 27 1 873 1 0 060-09 
0.33079193*0640-09 0 .260 Al 0350 3040-09 0 . 804*4 l fl?231?0-l 0 
0.1127187310060-09 U .8846418223120-1 0 0* 1 1 04 143926150-09 


0,9834939089800-05 0 • 72 1 8945360020-05 0 * 66781 05236720-06 
0.1182650846740-04 0,9611035258130-05 0*3034496047900-05 
0.3726068960820-04 0.3019196600900-04 0,1282837215440-04 
0.4074866044420-09 0 . 330791 934064D-09 0 • l 1 27 1 07310060-09 
O.330791934064Q-09 0 .2604 1 03503040-09 0*8846410223120-10 
0.1127187310060-09 0.8846418223120-10 0.1104143926150-09 

EVENT TIME 0.500 DAYS 


Z VX VY V7 



X 

0,S05501?6O+00 

1.00090000 




Y 

0«58677071n*0(l 

0.8900160? 

1.00000000 



7 

0, 16755734n+ni 

0.778*1556 

0,97439460 

1 .00000000 


VX 

0 .?0lH6?97P-n4 

0.865*1409 

0.99846179 

0.90414743 

l .oonooooo 

VY 

0. \6395437n-04 

0.87102079 

0. 99903050 

0.98182558 

0, 99048263 

V7 

0. 106078250-04 

0.125^2400 

0,49215885 

0.65091555 

0.53140615 


1 .oooooooo 

0.51 34B957 


R5S POSITION EPROPS. . . 0,?O?9l0«7?O70n + Ol 
K5S VELOCITY ERRORS. . * n . 2804 83? S 13 01 0-04 


soive-for parameters 


RADIUS 

— none 

dynamic consider parameters 
--NONE 

MEASUREMENT CONSIDER PARAMETERS 
1 0.12900213 

0.29197701 

0.40672654 

0.30416983 

LAT 1 
LONG 1 


0.882^2037 

0,19011883 

0 . 2767 U 151 

0.20704665 


-0.1 1657146 

-0.06320152 

0. 01234723 

-0, 04023361 

RADIUS 

2 

0.0 

n.n 

0. 0 

0.0 

LAT 2 


O.O 

o.n 

0.0 

0,0 

LONr, ? 


-0.135*9409 

-0.07040079 

0.01073642 

-0.04571377 

RADIUS 

3 

0.01521947 

-n.2360541? 

-0.25974606 

-U ,25057071 

LA 1 3 


-0.010*0619 

H, 16616126 

0*1 0555 / 1 0 

0.17737407 

LONG 3 


-0.17052716 

-0, 00560814 

0.01031854 

-0, 05627323 


NO SOIVE-EOR PARAMETERS 


POSITION 

1 

2 

3 


ETGF.NVALUFS 
0 . 10557547796510+00 
O . 197300660496 * 0-02 
0.400*65749991 fD + 01 


SOHARF ROOTS OF EIGENVALUES 

1 0.32553075030+00 

2 0,444284442iD-01 

3 0.20024129190+01 


0. 30723953 
0.20R2993Q 
-0.04767184 
0,0 
0.0 

-0.05500952 
-0 . 2602265 1 
0. IR310772 
-0.06625937 


POSITION EIGENVECTORS 

1 0.9108441 n^33S2D+00 

? -0 .358642827 1 623 1) *00 

3 0. ?042Q9a 37651 5D+ 00 


O.294IO581B5436D+00 
0.91 122391687460+00 
0.?883968460550D*00 


-0 ,2895941 762507D+00 
-0, 202598*54490 OH* 00 
0,93646187375060+00 


VFLOCITY EIGENVALUE 

1 0*71034340137*10-09 
? 0.962394R9P5 1^0-13 
3 0 . 76271 706572^ VO- 10 


squarf roots of EIGENVALUES 

1 0*26652268220-04 

2 0.31022490UD-06 

3 0*87333674250-05 


VELOCITY EIGENVECTORS 

1 n.7555l9\7164fcSPD+on 

2 -0,636033?64083iD+00 

3 -0.161007871792*0+00 


0. 61256566978320+00 
0.77190750766170+00 
-0.17006426665320+00 


0 . 232279651 38620+00 
0.29858886842100-01 
0.97219062453230+00 


1 ,00000000 


0.54480013 
0.38261640 
0. 00004483 
0,0 
0.0 

0*03826021 
-0 . 070 09586 
0.06108290 
0.08072670 



STATF TRANSITION MATRIX PARTITIONS OVfR( 0.0 9 0.500) —TRANSPOSES SHOWN 

V7( 0.500) 

0.28154698730-03 
0.12123790470-03 
0.33318189550-03 
0. 23430230Q40+00 
0*25631718430+00 
0. 70754108700-01 

solve-kor parameters 
—none 

DYNAMIC CONSIDER PARAMETERS 
— NONE 

IGNORE PARAMETERS 

— none 


X ( 

0.0 

Y{ 

0.0 

Z ( 

0.0 

VX{ 

o.o 

VY { 

0.0 

vz< 

0,0 


X< 0.500) 
0.24484156800*02 
0.46024659620+01 
0.26188253260+01 
0.26314726430+05 
*0. 66413412670+03 
0.11209187060+04 


Y{ 0.500) 
0.11509271960+03 
-0.69571750580+02 
0.22*89387490+01 
0.10170769280+06 
0.11039401060+06 
0.14972230240+05 


Zi 0,500) 
0. 11928523770 + 02 
"0.38659 32965D+01 
-0.19250901760+02 
0.95612660450+04 
0.93064130890+04 
0.63681749920+04 


VX< 0.500) 
-O.2310354l8ln-03 
0,47407917940-03 
0,45048542l8n-04 
-0.9235642445(3-01 
-0,6334121358n+00 
-O,5936393830n-Ol 


VY ( 0.500) 

0.33426377930-02 
-0,21275561470-02 
0.375l321674r>-04 
0,29265143200+01 
0.35707992920+01 
0,4534621760^+00 


* ASSUMEn GUIDANCE EVENT # 


DIAGONAL OF DYNAMIC nOTSE MATRIX 
0.0 0*0 


s PHI*P«PHI (TRANSPOSE) 


MATRIX 1 

0*1395276513310+07 
0 . 1 52365993544Q + 07 
0.19367193U81D+06 
0.1543634528830+0? 
•0. 3868273740520+02 
0.3977159380170+01 


0. 152365993544D+07 
0*19666ft?20390D407 
0.1B1395679357D+06 
0.152639041950D+0? 
0.5127935206630*0? 
0.4602262257420+01 


total covariance M.ATR 
0.1395276^13310+07 
0.1523659935440+07 
0.1936719311810+06 
0.1543634528830+02 
0.3868273740520+02 
0.3977159300170+01 


TX AT K+l 

0.1523659935440+0^ 
0. 196^682?039nD*07 
0.1813956793570+0^ 
0. 162*390419500+0? 
0.5127935206630+0? 
0.46 02 26 2257*20+0 1 


0.0 


0-1936719311010+06 
0*1813956793570+06 
0*9008104] 66180+05 
0*2307067303370+01 
0* 4565927493920+01 
0.975945230660D+00 


0*1936719311810+06 
0-1813956793570+06 
0*9008104166180+05 
0.230706730 3 37Q+01 
0*4565927493920+0] 
0*975945230660D+00 


0.0 


0,1543634528830+02 

0.1526390419500+02 

0.2307067303370+01 

0.1791501334660-03 

0.3804337820900-03 

0. *267007250700-04 


0.1543634520830+02 

0.1526390419500+02 

0.230706730337D+01 

0.1791501334660-03 

0,3804337020900-03 

0.4267807250780-04 


0.0 


0. 306827 374052D+ 02 
0*5127935206630+02 
0*4565927493920+01 
0,3004337820900-03 
U.134?29495229D-0? 
O.U8697324904D-03 


0.3060273740520+02 
0.5127935206630+02 
0.4565927493920+01 
0.3004337820900-03 
0.1342294952290-02 
0 + 1 106973249Q4D-O3 


0,0 


0.3977159380170+01 
0.4602262257420+01 
0.9759452306600+00 
0.4267007250780-04 
0*1186973249040-03 
0. 1500383Q05280-04 


0.3Q7715938017D+01 

0.4602262257420+01 

0.9759452306600+00 

0.42678072507PD-04 

0-1186973249040-03 

0.1500383905280-04 


CONTROL 

CORRFLATinN MATRIX PARTITIONS and STANDARD 

DEVIATIONS 


STD OEV 

X 

Y 

X 

o.ll R12l82n+n4 

l.nooooooo 


Y 

0 ,14023845^+04 

0,91979451 

1. oooooooo 

? 

0.300135040*03 

0,546*8571 

0.43096613 

vx 

O.I3304997D-O1 

0.97632875 

O.01316799 

VY 

0,366373440-01 

0,89384678 

0.99804806 

vz 

0 , 38734789n-02 

0,86*24391 

0.84723340 


JUST BEFORE GUIDANCE CORRECTION AT TIME 0*5000000 DAYS 


z 

ux 

VY 

V? 

1. oooooooo 




0.57428*13 

U.OO000O0 



0.415229&3 

0 • 77^77688 

1.00000000 


0, 83947458 

0. 0231620* 

0,83640333 

1 -oooooooo 


RSS POSITION ERRORS 


0-1 057966565600+04 



B -10 


RSS VELOCITY ERRORS. * . 


0 . 3919766478770-01 


SOLVF-EOH PA«A MFTfPS 
--NONE 

nYNAMlC CONS I DER PARAMETER? 
- -NONE 


MEASUREMENT CONSIDER PARAMETERS 


Radius i 

0.0 

0.0 

0,0 0.0 

0.0 

0.0 

LAT 1 

0.0 

0,0 

0.0 0.0 

0.0 

0.0 

long 1 

0.0 

o.n 

0*0 0.0 

0.0 

0*0 

RADIUS ? ■ 

0.0 

0.0 

V . 0 0 « 0 

0.0 

0.0 

lay ? 

0.0 

0.0 

0.0 0*0 

0.0 

0.0 

LONG 2 

o.o 

n . n 

0.0 0.0 

0,0 

0.0 

RADIUS 3 

0.0 

n. n 

0.0 0*0 

0.0 

0.0 

LA I 3 

0.0 

0.0 

0.0 0.0 

0.0 

o.o 

LONG 3 

0.0 

o.n 

0.0 0.0 

0.0 

0*0 

NO 

SDL VE-FHR PARAMETERS 






POSITION EIGENVALUES 

SQUARE ROOTS 

OF EIGENVALUES 




1 0, 144999.33?586 ID + 06 

1 

O.3RO70777BSo*O3 




2 0,3263!UQ63755ln+07 

2 

0.10036376900*04 



> 

3 n. 53930 7R8T3235D+05 

3 

0.23223003410*03 




POSITION EIGENVECTORS 






1 n.665344074680^D+nn 

-0.61245247313460*00 0.39396124772550*00 



? n.637l0ftPl6l32V0*on 

0.76629668950180+00 0 . 82956253925430- 

01 



3 -0. 35?b97O6?8027D + nfl 

0.19414260688(190*00 0 .815375T6T??63D* 00 



velocity eigenvalue 

SOU A9p ROOTS 

of eigenvalues 




1 0.6655721 451R9SQ-04 

1 

D . 8 1 58 2605080—0 2 




2 0. 14666009740810-02 

? 

0.3BSV62266SO-01 




3 0.3298736?^ A 9730-05 

3 

0.1ftl6?4233iO-02 




VELOCITY EIGENVECTORS 

1 n. 94957235 Q 4 ?O 40 *nn 
? 0 . 2849559 751 6 * J 0+ 00 
3 -0.130814/*7U8210*00 


-0.29344648517060*00 

0095463524987320*00 

-0,50603359972480-01 


0. 11046037554560+00 
0.66438508701530-01 
0.99011457*24300+00 


STATE TRANSITION MATRIX PARTITIONS 0VFP< 0.500* 36.001) 


— TRANSPOSES SHOWN 


X( 

0 *50 0 > 

Y < 

0.500) 

7 ( 

0.500) 

VX ( 

0.500) 

VY ( 

0.500) 


X( 36.001) Y( 36.001) 

0.4463 fi 8??360 * 02 -0.51649551860*0? 
- 0 . 8 ? 13 -r<i 4 R? 20*02 0 . 72726699810*02 

-0.39345336720+01 0.36436838520*01 

0.74398059550*07 -0.60540628520*07 
-0.71 39R 028670 *07 0 . 77287 13549n* 07 


H 36.001) VX( 36. nnl ) 

-0,99393367560*00 0,32467167520-04 

0, 15080 151340*01 -6.53927747560-04 
-0 0 774 i 70499 lU*ol -U . 266682 73220-05 
-0*91 95 7511000+05 0,467494/8440*01 

0.10403928960*06 -0 ,51 02 1 0390 ln+0 1 


V Y ( 36.001) V7( 36.001) 

-0. 29568780760-04 -0 .20584 1921 10-06 
0.46518827600-04 0.32627941980-06 

0.23492638670-05 -0.95543097930-06 
-0.41088999380*01 -0.27441369710-01 
0.44891657350*01 0.29080729650-01 



II- 8 


VZ< 0.500) -0 . 2 157*759640*06 0 . 20478739020 + 06 0 . 97629809060+ 06 -0 # 1 471 22 1 0800+0 0 0,12933388700+00 

solve-for parameters 
—NONE 

DYNAMIC CONSIDER PARAMETERS 
—NONE 

ignore parameters 

— NONE 

(VARIATION MATRIX HAS BEEN COMPUTED AND PUNCHED ) 
variation matrix 

0.*463O8??36D+O2 -0 . 82 1 37q4R22D+ 0 2 -0 . 393 4*336720* 0 1 0 ■ 7*395059550* 07 -0 . 71398028670+07 

-0 *51 H495S 1060*02 0 . 7272*4*90 ID* 0? 0 • 30436838520* 0 1 -0 . 605*0628521) + 07 0 • 77207 1 ?5*9D+o7 

-0 4 9939 3367560*00 0 . 15000 15l 3*U+ 0 l -0*77417049910*01' -0 4 91957511000 + 05 0 . 1 04039289&D+06 


TARGET CONDITION CORRELATION mivTRI* AND ST ANriAPD deviations before guidance correction 
0*2^529477 i ID +06 0* I UOOOOOOOOn+O 1 -0 . 999 \ 659 1 470* 00 -0.99017393270*00 

0.27787509760+06 -0.9991 0591*70+00 0 . 1 0 0 0 00 0 OOOD+O 1 0.99457521770*00 

0.6215*39 l 03D+ 04 -0.Q901739327D+O0 0 . 9945 752 1 770*00 0.100000000 00*01 


1 

2 

3 


Eigenvalues square 

0.604015^4337970*00 
0. l*7574n 0463520* 12 
0. 1 109371 RR23130+06 


ROOTS OF EIGENVALUES 

1 0.777I843690D+04 

2 0.38415362HD + 06 

3 U.333O7?3460D+O3 


EIGENVECTORS 

1 0.721544S7 *9*520+00 

2 -0.690*41 22435710+00 

3 -0.51617209768780-01 


0. 6869272566*710+00 
0.72321017328880+00 
-0,7] *00205370630-01 


0*B66277?61 4772D-01 
0.160611630932BD-01 
0.996U1?7609B2D*00 


GUIDANCE MATRIX — 

0. 1774197R0BO-O5 
0.00890968930-05 
0.32307406320-06 


FIXED TIm£ of ARRIVAL GUIDANCE POLICY 
0 .80090960930-09 0432307*06310-06 

-O.3O6U5?9901O-O5 -0.456*6076610-06 

-0.456*6076610-06 0 . 0008726 1 OaD-05 


-0. lOOoOOOOOOU+Ol 0.0 

0.0 - 0 .l 0000000000 + 0 l 

0.0 o.o 


VELOCITY CORRECTION CORRELATION MATRIX AND STANDARD DEVIATIONS 
0.734498 097 OD-O? 0 . 1 00 oOOOOOOD+O 1 -0 . 49730 l?394D+00 

0.3267841 155D-01 -0 . 497 30 1 2394D+ 00 0.10000000000+01 

0.25618562*60-02 -0 . 39302993920+00 0 . 984 737763 OO + 0 0 


-0.3935299393D+00 
0.984737763nD+00 
0 . 1 0000000000+01 


- 0 . 616735521 * 0-02 


-0.215767596*0+06 
0.2047873982D+06 
0. 97429809060+06 


0.0 

0.0 

-0.1000000000D+01 



DELTA-VEE STATISTICS 


EIGENVALUES of s 

0 * 108807150-OP 

KM2/SEC? 

TRACE OF S 

0 • 1 12839040-02 

KM2/SEC2 

SQUARE MOOT OF TRaCF — - 

0- 335915230-0) 

KM/SEC 

eigenvalue ratios --- 

1. 0 0 000000 

0.' 

EIGENVECTORS OF 5 - — 

0. 992302130*00 

0 • 

( 1 RANSP05F) 

-0.114868450*00 

0.' 


-0.44530445D-01 

-o.l 

MEAN — - 

0*273809370-01 

KM/SEC 

STANDARD PFVIATION 

0*194483050-0) 

km/sec 

DELTA-VFF (90) * 

0*546437680-01 

KM/SEC 

DELTA-VFE (Q9) = 

0 . 8522525 3D- 0 1 

km/sec 

OF.LTA-VFE (Q9.9) = 

0. 108754020*00 

km/sec 

OELTA-VEE (99.99) s 

0- 128523260*00 

KM/SEC 


O.40?O1851D-O4 KM?/SEC? 


U.00010764 

0.5*5070*40-01 

0.7*2848970-01 

0,995649340*00 


0 • 1 1 71 18900-08 KM?/SEC2 


dp 
^ 1 1 

ro EXPECTED value of VEI Orirr cnRpp r t t Ojv 

-0.31461238130-02 0*271 27^9904^-0 l n . ?0ft9362263n-0 2 


SIGPR0= 0*10000060000-01 SlG*FS= 0 . 1 0 0 0 0000000-09 

SIGAL P= 0.34 *0 000 0000-03 SIGUFTs 0*34300000000-03 


execution error corpflaTion matrix 

6.504R760977D-01 
0.280 *2039640-0.3 
0.50*20407270-03 


ANn STANDARD DEVIATIONS 

Q.loonor>oooon*ni n . 14645752U5 d + oo 

0, 146457^050*0 0 0.1000000000n*0] 

0. 624*660*200-02 -n .970 08084440-01 


0.82466609200-02 
-O.97OO0OB444D-O1 
0. 10000u000n0*01 


1 

? 

3 


ETGENVALUFS 
0.2573027R1 90UD-06 
0.751 1S38«**093 ' D-07 
0.257302781 901 10-06 


SOMARF ROOTS OF EIGENVALUES 

1 0.50725021630-01 

2 0 . 2740 7 ] 8671 0-03 

1 0,50725021630-03 


EIGENVECTORS 

1 0.991 25887194210*00 

2 -0.1 148*84 151 5^D + 00 

3 0.15558293886790-01 


0.1 157178983607D+00 
0.99044730 30243D*OO 
-0.74990041646060-01 


-?0. 6 795682496 14BO-0 2 
0,76204897242910-01 
0.99706290330410*00 


CONTROL UNO KNOWLEDGE) COPpEIATION MaTRTX PARTITIONS AND STANDARD DEVIATIONS JUST AFTER GUIDANCE CORRECTION aT TIME 0.500 DAYS 



STD DEV 

X 

Y 

7 

VX 

VY 

VZ 

X 

0.50550126^*00 

1.O00U0000 






Y 

0,806770710*00 

0.891)0 1 602 

1,00000000 





Z 

0,187557340*01 

0.778^1556 

n. 07439460 

1 * 0(1000000 




vx 

0.505278490-03 

0.01429000 

0.03988938 

0.03931751 

1 .00040000 



VY 

0.28079946n-03 

0.050^5753 

0.05833101 

0.05732725 

0.14842239 

1.00000000 


V7 

0. 506313120-03 

0.00260923 

0.01021407 

0.01350685 

0*00668093 

-0.09619949 

1.00000000 


RSS POSITION ERRORS. • • 0 . 20 29 1 08720 TRO* 0 1 
RSS VELOCITY ERRORS. . . 0.76A444964496D-U3 



solve-for parameter? 


— none 


DYNAMIC CONSIDER PARAMFTpRS 


—NONE 


MEASUREMENT CONSIDFR PARAMETERS 


RADIUS 1 
LAT J 
LONG 1 
RADIUS 2 
LAT 2 
LONG 2 
RADIUS 3 
LAl 3 
LONG 3 


n. 12900213 
0,0*2*2037 
-0,11**7146 
0.0 
0.0 

-0,13599409 

0,01521947 

-0.01090619 

- 0 , 1705 2 716 


0. 79197701 
0.19811883 
- 0,06320152 
0,0 
0.0 

-0,07048879 

-0,73605412 

0.16616126 

-0,08560*14 


0*40672654 
0 « 2767 0X51 
0*01 ?34 7?3 

o.n 

0.0 

u, 01073642 
- 0.25974806 
0.18855710 
0. 01 031854 


0,01215184 
U • 00*271 77 
-0.00160737 
0.0 
0.0 

-0.00187630 

- 0 . oiooms ) 

0.00708627 

-0.00724816 


0.01793923 

0.01216227 

-0.00279516 

0.0 

0.0 

-0.00321192 

-0.01519422 

0.01069137 

-0,00398556 


00 

hL 

vjJ 


NO SOLVE-EOR PARAMETERS 


POSITION EIGENVALUES SQUARE ROOTS OF EIGENVALUES 


1 0. 1 0597547796510*00 

2 0. 19738866549690-02 

3 0.4Q096574Q99WD*01 


1 0.32553b7503d+00 

2 0,44428444210-01 

3 0.2002412919D+01 


POSITION EIGENVECTORS 

1 0.9108441 0333S2D+00 

2 - 0 . 35864282716230+00 

3 0,204299637651*0+00 


0.29410581854360+00 
0.91122391687460+00 
0. 78835684 6055 00+00 


-0,28959417625070+00 

-0.20259«a544900D+00 

0,93546187375060+00 


VELOCITY EIGENVALUES SQUARE ROOTS OF EIGENVALUES 


1 0 . 257008 ^* 321 69 o - o 6 

2 0.75320662*60460-07 

3 0.25737040738 1 'D-06 


1 0.50774655310-03 

2 0.27444610190-03 

3 0.50732475530-03 


VELOCITY EIGENVECTORS 

1 n. 96720614350150+00 
? -0. 116583*1017220+00 
3 -0.22565568701 06D+00 


0.95835810734400-01 

0.9O02752325254D+00 

0,10084870463980+00 


0.23521856507060+00 
0,7591 559 0980 31 D—0 1 
0,96897319348480+00 


target condition CORRELATION maTrZ* and STANDARD deviations after 


0.39 844680410+04 
0.3472894984D+04 
0.49384654710+03 


0. lOOOOOUOOOD + 01 
* 0 , 9 * 95349 Irrd +00 
- 0 , 78823395460-01 


-0, 98953491990 + 00 
0. 10000000000 + 01 
0.66067191350-01 


GUIDANCE CORRECTION 
-0. 75823395460-01 
0 . 66867191350-01 

o,iooooooooon+oi 


1 

2 

3 


EIGENVALUPS 
O.277940P44354ID+O0 
0. l421375?5543toD+06 
0.24390789367530+06 


SQUARE ROOTS OE EIGENVALUES 

1 0.527207970/0+04 

2 0. 37701130690+03 

3 0.49307001700+03 


EIGENVECTORS 

1 0. 75429648134760+00 

2 0 . 652877 * 7 ^ 17 * 10+00 

3 -0.69198249*276 rp-01 


-0.65649854506870+00 

0.74896011160740+00 

-0,098243371460^0-01 


-0.681751 7828095 D- 02 
0,11318273178180+00 
0,99355079924330+00 


0.01130657 

0.00794067 

0.00000093 

0.0 

0.0 

0.00079404 

-0.00145370 

0.00126769 

0.00167537 
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EPPOR ANALYSTS MODE- PREDICTION EVENT AT TRAJECTORY TIME U . 1 S 0 U 0 0 0 0 0 ♦ 0 1 DAYS PRO&LE*. . 0 

predicting to trajectory time. . . q, 5 qouooood*qi days 

AT TRAJECTORY time 1.5000 


STATE X-COMP Y-COmP 

2-COMP 

RADIUS 

X-DOT 

V-nOT 

Z-DOT 

VELOCITY 

INERTIAL -0.10254000*06 0.22510490*06 
HELIO- 0.47192590*08 -0 , 1 4429] OD + OQ 
POT.GFO- -0.2707671 n*06 -0 , 1 03 1 3550 ♦ 06 

0.04503510*04 
0* '8231070*04 
0.84503510+04 

0,28993870*06 

0.15181250*09 

0,28993fl7D*fi6 

-1.1U026065 
26.720252B6 
-1 .27606062 

0 o ©6?088&8 

10,12514743 

*0.69366870 

O.O1B289S0 

0.01841908 

0.01828940 

1 .46160499 
28.57430424 
1,45323219 


state transition matrix partitions ovfrc 1,400. i # 50 o> 


--TRANSPOSES SHOWN 


X < 

l .4(101 

Y ( 

1 ,400) 

7 ( 

1.4001 

VX { 

1.400) 

VV ( 

1.400) 

VZ ( 

1.400) 


X [ 1.500) 

0*10001 1*6090*01 
-0,90924413480-03 
-0*37S57b?186D-^4 
0,06401354300*04 
-t).2787**41?86O*01 
-0. 1054 q7519QO*00 


V f 1.500) /A 1.500) 

-n.9tty?4??0 370-03 -0.37557361050-04 
0. 1 0005^06140+01 0.46808216910-04 

0. 46 fJ 0 8327 060-04 0.999325226 00*00 

-0,27873200100*01 -0.10548560040*00 
0.86415657310*04 0.13111638170*00 

9.13111760260*00 0.86380995950*04 


VX< 1.500) VY( 1.500) 

O.27OO301047D-O7 -0.22416440150-06 
-0.224165561 ln-06 0. 12599092100-06 

-0.84044730770-08 0 . \ 0547 0744 lD“0 7 

0.10001 1 6386040 1 -0.94732763700-03 
-0.94732971 180—03 0.10005295360*01 

-0. 357400 1606n-04 0.44300175640-04 


V7 ( 1.500) 

-0 *84843757330-08 
0. 10547007810-07 
-0.15279213180-06 
-0.35739841810-04 
0.44308055780-04 
0.99935450360*00 


SOL VF-FGR PaRAMFTERS 


--NONE 


dynamic CONSIDER PARAMETERS 


•-NONE 

I ON OPE PARAMETERS 


— none 

oiagonal OF dynamic notse MATRIX 


o.n 

MATRIX 1 3 PH1*P*PH1 ( 
0*1 447702^37310*00 
0. 15^0019907870*00 
0. 36^6^3541 0590*00 
-0.19) 7366147480-08 
0.1601241225760-05 
0.2l439Q77448t>D-0S 


0.0 

TRANSPoSF ) 

0. 155001 Q90787D*0O 
(1.1 738152573540*00 

0.401 2653979960*00 
0.22030o2528i3U-O6 
0.1834103084270-05 
0.2203243157620-06 


Total covariance matr 

0* 144770293731 D*00 
0.1560019907370*00 
0 . 06666354 1 1)590*00 
0. )91 7366147480-06 
0.160124122576D-05 
0. 2143907744860-05 


IX AT K+l 

0. 15500 I9907870*nn 
0.1736182673540*00 
0.4012653979950*00 
0. ?20308252833[)-05 
0 .1034103084270-06 
0. 2203243157620-06 


0.0 


0. 36666354105rO*00 
0.4U1265397996D+0O 
0. 1225133427430*01 
0.5261498041530-05 
0.43271.312^0150-05 
0.7510796517910-05 


0 « 3666635410590 + 00 
0.4012653979950*00 
0* 1225133427430+0] 
0* 526149804153 05 

0* 4327131278150-05 
0.76107965l79in-05 


o.u 


0.1917366147480-05 

0,2203002528330-05 

0,52614980415^0-05 

0,2918167959090-10 

0.2399982447640-10 

0.2892384?9lSbD-10 


0.1917366147400-05 

0.2203002528330-05 

0.5261498041530-05 

0.2918187959090-10 

0.2399902447640-10 

0.2092384291550-10 


0.0 


0.1601241225760-05 

0.1834103004270-05 

0.4327131278150-05 

0.2399982447640-10 

0.1961216662450-10 

0,2355617647430-10 


0. 1601241225760-05 
0. 1034103004270-05 
0.4327 131278150-05 
0.2399902447640-10 
0.19B321666245D-10 
0.235561764T43D-10 


0*0 


0. 2143907744050-05 
0* 2?0 32431 5 76 2D -05 
0.7510796517910-05 
0*2992384291550-10 
0*2355617647430-10 
0.5277151032230-10 


0 *2l 4 39 0 7744850-05 
0.2203243157620-05 
0*7510796517910-05 
0*2092304291550-10 
0.2355617647430-10 
0.5277151032230-10 


correlation matrtx partitions and standard deviations at event time 1.500 days 

RASED ON MEASUREMENTS UP » 0 TIME 1.400 DAYC 
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STO DEV 

X 

Y 

1 

VX 

VY 

VZ 

X 

0. 380486920+00 

1.00000000 






Y 

0.416551630*00 

0.97048192 

1,00000000 





7 

0,110685750*01 

0.87063537 

0,87030441 

1,00000000 




VX 

0. 540202550-05 

0.932*4330 

0.97905097 

0,87995627 

1*00000000 



VY 

0.445333210-05 

0,9450003? 

0 . 98871205 

0.87785603 

0 • 99762277 

1,00000000 


VZ 

0,726440020-05 

0,77595144 

0.72810470 

0.93410251 

0*73705450 

0.72814849 

1.00000000 


RSS POSITION ERRORS, * . 0, 1242344 146570*0 1 

RSS VELOCITY errors. . . 0*10008882*1910-04 


SOLVE -FOR PARAMETERS 
—NONE 

DYNAMIC CONSIDER PARAMETERS 
— none 


MEASUREMENT CONSIDER PaRAMFTeRC 


RAOlUs 

l 

0.61025411 

0,57756642 

0.79584488 

0.53604555 

0 .55669997 

0,77326488 

LAT 1 


n.4??*8ii.9 

0.40287960 

0*65342683 

0.37384709 

0.38902596 

0.54024015 

LONG 1 


-0. 430771 17 

-0.33737097 

-V. 01790800 

-0.18317114 

-0.22152009 

-0.01814879 

RADIUS 

? 

-0,01577410 

-0,10150225 

V. 00257263 

— 0 * 13904 156 

-0,14471711 

0,06055829 

LAT 2 


-0.01U9379 

-0,07329277 

0.00185765 

-0,10097682 

-0,10449737 

0.04372794 

LONG ? 


-0.33V5o9?6 

-0,23818893 

0.04082300 

-0.07709499 

-0,11754895 

0, 02569300 

Radius 

3 

-0.17487514 

-0.20658718 

-0*10158684 

-0*26947780 

-0.25247323 

-0,20159451 

LAT 3 


0. 12608616 

0.15060730 

0.07552862 

0.19788791 

0 . 18229496 

0.13517353 

LONG 3 


-0.?9194403 

-0,20392978 

0*10506459 

-0,03256852 

-0,08146963 

0.09533406 


NO solve^for parameters 


TARGETEO NOMINAL AT 5,000 

-0. 4353053 19D+ 06 0 . 426744 1 ??0 + 06 0 * 1 0 93*5 1 26D * 05 - C . 6* 70 1 868 QO+ 0 0 0,4956500740+00 0,2968158*00-02 


STATF TRANSITION matrix PARTITIONS OVrRf 1,500* 5.000) — TRANSPOSES SHOWN 

VY< 5.000) VZ< 5,000) 

0.25257573550-05 -0,80042464690-07 
0*13774337870-05 0.9068224 159D-07 

0,9432)012810-07 -0.14836769040-05 
0.23938579120+00 -0,70203443620-02 
0*11061946410+01 0. 74921 04R 160-02 

0*76175270780-02 0.84943664450+00 

solve-for parameters 

—NONE 

DYNAMIC CONSIDER PARAMETERS 
— NONE 

ignore parameters 


m h.uow? t>,oou> c [ b.uuuj vxt r>*ono) 

0,1 126*3421 00*01 -n,5U2226?I03n + 00 -0.16772276120-01 0 . 8050 Q364 12 d-06 

-0. 50754550500+ OU 0.12644847040+01 0,19339316680-01 -U # 25829897260-05 

-0. 17239951 72D-ni 0 . 1 9 o 69*R59 1 O-ft l 0 . 6855? 2479 10+ 0 0 -0 . 851 453u 7 730- 0 7 
0,3) 129475310*06 -0 fl 324Q94693 OD * 05 -0 , 1 0 11 042467D+ 04 0 , 1 0 75949357D ♦ 0 1 

-0.3?64qOsl65D + OS 0.3l '22073770*06 0.11092140440 + 04 -U , 24 1 302932*n+ 00 
-0,10244 099540 + 04 0.1 1 187411620 + 04 0.28147028340 + 06 -Li ,71946608620-0 2 
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■ NONE- 


DIAGONAL OF 0 YN AM I r NOISF MATRIX 


0.0 


0 o fl 


o,n 


o.o 


0.0 


0,0 


MATRIX l s PHI*P«PHJ ( 
O*29?65S674094D*O1 
0.2731893097060*01 
0.37*3529480310*01 
0.656207799190D-0S 
O.50284Q8O5630D-OS 
O.54S09A041654D-OS 


TRANSPOSF ) 
O.?73l«93097O6D*Ol 
0*257*646763550+01 
0*344?9405l )50D*0] 
0 . 6118347860190-08 
0.849^059] 9294D-08 
0 ,407?4A91868OD-O5 


U.37R352940O31D+OI 
0*3447940511500+01 
0 #76585590 19710*0 1 
0*8310331076960-05 
0.731 3661837500-05 
0.1261l71515?nD-04 


0«37835294«0310*01 
. 0 *344794051 1500+01 
0*7658559019710*01 
0-8310331076960-05 
0*7313661537500-05 
0. 1261171515200-04 


0.6562077991900-05 
0.6I1834786019D-05 
0.6310331076960-05 
0,1487416649060-10 
0.13129306872^0-10 
0.1 187243765830- 1 0 


0.6562077991900-05 

0.6118347860190-05 

0.8310331076960-05 

0.1487416649060-10 

0.1312930687270-10 

0.1107243765830-10 


O*582R490O563flD-O5 
0.549^0591 9294 D-06 
0*7313661537500-05 
0*13l?93066727D-10 
0,117ft55273703D-ln 
0.102S3R780234D-10 


O.502fl498O563PD-O5 
0,54930 59 19294 D-05 
0*7313661537500-05 
0,1312930687270-10 
0. 1178552737(130-10 
0.1025387802340-10 


0*5458948416540-05 

0*4872449186800-05 

0*1261X71515200-04 

0*1187243765830-10 

0.1025387802340-10 

0.2183754S54150-10 


0.54509404)6540-05 
0.4072449106800-05 
0.1261171515200-04 
0. 1187243765030-10 
0.10253R7*02340-10 
0 *2l 83754554150^10 


TOTAL COVARtANCF MATRIX AT K* 1 


0.2926656740940*01 

0.2731803897060*01 

0.3703529480310+01 

0.6562077991900-05 

0.5028498056300-05 

0.5458948416540-06 


0.2731093897060+01 
0,25 70646 763550+01 
0.344794051 1 50 D* 0 1 
0.6110347060190-05 
0.5497059192940-05 
0 .487 ?4491 868 00-05 


CORRELATION MAT»TX PARTITIONS 
RASED on PPrOTCTIOM FROM 


AND STANDARD DEVIATIONS AT TIME 5.000 OftYS 
T l M f 1.500 DAYS 



STD DEV 

X 

Y 

2 

VX 

VY 

V7 

X 

0 . 17 I 07i82n+nl 

1 ,00000000 






Y 

0.160 33237D* 0 1 

0 # gqbO 1104 

1,00000000 





7 

0.27674103n*ni 

0.79910089 

0.77707070 

1 .00000000 




VX 

0.7R567041D-05 

0.99459574 

0,98945636 

0,77062*19 

1 .00000000 



VY 

n. 343300560-05 

0.99243865 

0.99797248 

0*76901575 

0.99163300 

1,00000000 


V7 

0.4673O66OD-OS 

0. 6*2*5517 

0.65031565 

0,97521121 

0.65075156 

0.63916314 

1 , 00000000 


RSS POSITION 

ERRORS. , . 

n.36?7O0745R58D*Ol 






PSS vflocity 

ERRORS. . . 

n. 69639969 3642D-05 







SOL VF 

-FOR PARAMETFRS 








—NONE 








DYNAMIC CONSIDER 

parameters 








— NONE 








MEASUREMENT CONSIDER PARAMETERS 






RAOIUS 

1 


0 . 549^3797 

0.56354607 

O.7B974660 

0,51015007 

0.55920906 

0.74171220 

LAT 1 



0 # 38220545 

0.39314053 

0.55105007 

0*35564723 

0.3909*7*1 

0.51912143 

long 1 



-0 . ??72 1 695 

-0.23495144 

-0.01B34199 

-0.153*3567 

-0.18551151 

-0.01768645 

RADIUS 

2 


-0 ,11 636596 

-0,14332072 

0 • 04520771 

-0,14424700 

-0.166*8009 

0.07844537 

LAT 2 



-0.00430659 

-0.10340906 

0,032543s* 

-0. 10415790 

-0.12021256 

0,05664385 

LONG ? 



-0.1 ?2V 1 253 

-0.1 3223166 

0.03020922 

-0.04529304 

-0.08275172 

0.01965442 

RADIUS 

3 


-0.25972296 

-0.24237356 

-0.17691922 

-0.20601350 

-0.25269514 

-0.23064571 

LAT 3 



0.10660309 

0.17547884 

0,12067110 

0.20577565 

0,18273503 

0.15207013 

LONG 3 



-0.07464356 

-0.09050605 

0.09926331 

0*00346432 

-0.05226331 

0.08890071 


NO SOLVE-PDR PARAMETERS 

POSITION EIGENVALUE SQllARF ROOTS OF EIGENVALUES 

1 0.13415143359030*01 1 0 . 1 1 S6237599D+0 1 
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2 0.916454c,? 5R1^0-02 ? Q.9S Ml 631440-0 1 

3 0.U8050R4S5104D + 02 3 0# 34350528 1 30*0 1 


PHSITION eigenvectors 

1 0.5438763?3676<10*00 0 * 55552266450430 * 0 0 -0 

2 -0.700205107407/0*00 0 , 71 3513645651 ID + OO 0 

3 0,46250551563500+00 0, 4?6957663Bl650*00 0 


vfloctty etgenvalufs 

1 0,4 0 05994 0 * 332*0 - 10 

2 <1.10507702397110-1? 

3 0.R33542154S156D-] 1 


SOIJARC ROOTS or EIGENVALUES 

1 0*63209762860-05 

2 0, 3?S38749820-06 

3 0. 2087U3O12O-O5 


VFLOCITY EIGENVECTORS 

1 0 . 560 73484 7959 7 D+ 00 

2 -0.672471R87207JD+00 

3 -0.4736?b53Q73l2D+fin 


0.500794445821. 70*00 
0 . 739R9 TOO 78656 J* 0 0 
-0.44917406513030*00 


0 

0 

0 


62896193347900*00 

24720l3lB3172n-01 

77704298550050*00 


65249193577300*00 
1827140 31 48230—0 1 
75 7 57544 R4 3 8 30* 0 0 
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ERROR ANALYSTS MOOE-rlNAL INSERTION EVENT AT TRAJECTORY TIME 0 * 3454? 1 900 + 02 DAYS PROBLEM. * 0 

AT TRAJECTORY TIME 34.«5*72 


STATE 

X-COMP 

Y-COMP 

Z-COMP 

RADIUS 

X-OOT 

Y-OOT 

2-00T 

VELOCITY 

Inertial 

HELTO- 

ROT.GFO- 

-0*1 1 6255RD+07 
0*1 1450840 + 09 
-0* 1506994O+07 

0.95909760+06 
-0.96984220+00 
-0. 19296500+05 

0. *>007736D+03 
-0*20054470+03 
0. 40077360*03 

0.15071170*07 
0, 15006040*09 
0.15071170*07 

-0.11696875 

18.65623215 

-0.16162165 

0.10617756 

22.7328750? 

0.?9776686 

•0.00614138 
•0 . 0051 2?1 0 
-0.00613297 

0.15809200 

29.40940766 

0.33885740 


STATE TRANSITION MATRIX PARTITIONS OVER ( -U.oOO* 34,5473 —TRANSPOSES SHOWN 

X < 34.5473 Y ( 34,5473 7< 34,547) VX< 34,547) VY( 34.547) VZ < 34*54?) 

0 0 1 005*536920+01 -0.11^91169450-01 -0.15516746410-04 0,38189626000-07 -0 . 74082965880-07 -0 *8080 1 350600-1 0 

-0,11491606750-01 0 * 1 0 0 1 964 7620 + 0 1 0 . 1 2?7?389 1 70-04 -0.74090139560-07 0.12491640780-07 0 .665371671 70-1 0 

-0,15544498960-04 o . 1 2 ?95349 l 30-04 0 • 99224 1 2056D+ 0 0 -0 *81246125620-1 0 0.6690490 1580-1 0 -0.49914365570-0? 

Q.30707lO0?3O*06 -0 . U *73776030* 04 -0 * 1 2565B2409D ♦ 0 1 U * 1 0 057965740 + 0 1 -0*11185194160-01 -0.92571666930-05 

-0. 1 1574044440+04 0 , 3 0&66957 340+ 0 6 0 ♦ 1 0340094840*0 1 -0*11185636140-01 0,10018196810+01 0.76267993370-05 

-0.12584261300+01 0,10363314150+01 0 . 3 0569 A705 7D * 06 -0*92839313770-05 0.76489161530-05 0.99244159270+00 

SOL VF -E OR PARAMETERS 

— NONE 

DYNAMIC CONSIDER PARAMETERS 
— NONF 

ignore parameters 

--NONE 

niAGONAL OF DYNAMIC NOTSE MATRIX 

0.0 0.0 0.0 0 o 0 0,0 0*0 

MATRIX 1 r PHI»P*PHI (TRANSPOSE) 

0*67700 3242766D+ 01 -0 . 3 1 29 0 02087590 + 0 1 0.28 3 8224552580 + 01 0 .1870 606594980-04 -0*1440 060216840-04 -0 * 2504864620950-0® 

“0.3129no208759D + 01 0 * 666o4 1 1 54 09 OD* 4 1 0*39423205183^0+01 -0* 1456B425421&0-04 0 • 1 650965325470-04 0*4460448443400-06 

0.283822455258D + 0I 0 * 394?3?05 1835D + 0 1 0 • 15 1 621 16335 1 D + 0? -0*1168090713730-06 0.6749825356460-06 0*3750783239300-05 

0.1870606594980-04 -0 . 1 456842542 1SD-0A -0. 1 1 68090 7 1 373D-06 0.6156326351300-10 -0.48038360753)0-10 -0 .5) 31782208320-1 2 

-0. 1448068216840-04 0 . 1 65*965 3264 7D-0 4 0*6749025356460-06 -0.4003836075310-10 0*5407074065380-10 0 .5043329767360-1 2 

-0 *?5 04864620950-0 8 G . 4 A6n4484434oD-O0 0*375078 32 39300-05 -0.5131782208320-12 O.50493?976736i>-1 ? 0.9025325467830-11 

TOTAL COVARIANCE MATRIX AT K+l 

0 *677007^427660+0 l -0 » 3 1 290 n2 08759D* 0 \ V • 28382245525AD+ 0 1 0.1870606594900-04 -0*1448060216840-04 -0*2504064620950-08 

“0. 3129OO2O0759D+O1 0*666941 !54r)9oD + 0 1 0.3942320518350+01 -0*1456842542150-04 0*1658965325470-04 0*4480440443400-06 

0* 2030 224552580 + 01 0 * 394232051 h3SD* 0 ) 0*1516211633510 + 02 -0,1168090713730-06 0.6749825356460-06 0 .375o7032393OD«OS 

0. 1 870686594980-04 -0,145*042542150-04 -0 . 1 1 60 09 07l 37 30-06 0*61563263513^0-10 -0 *4803036075310-1 0 -0*5131702208320-12 

-0.1448068216040-04 0,1650965325470-04 0*6749025356460-06 -0,4803036875310-10 0 • 540707406538D-1 0 0*5043329767360-12 
-0*2504864620950-08 0.4460*40443400-06 0 . 3 750783<?39300-05 -0 * 5 1 3 1 792200320-12 0*5843329767360-12 0 *9825325467830-1 1 

CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS AT EVENT TIME 34.547 DAYS 

rased on measurements up to time 31.000 days 

STD DEV X Y Z vx VY V7 


X( 31,000) 
Y ( 31.000) 
2 ( 31*000) 
VX( 31*000) 
V Y ( 31 *000) 
V7( 31.000) 



X 

0.260208230*01 

1.00000000 





Y 

0.258252040*01 

-0. *6563012 

1.00000000 




1 

0.389385620*01 

0.2R012109 

0.39203809 

l.onoooooo 



VX 

0.784622610-05 

0.91622178 

-0.7 189*548 

-0.00302328 

i ♦ oooo oooo 


VY 

0.73532809n-05 

-0.7%6»0994 

0.87359953 

0 *02357390 

-0.83261892 

1.00000000 

V7 

0.313453750-05 

-0.00030711 

0.05510123 

0.30730426 

-0.02086575 

0.02535162 


*SS POSITION ERRORS. . . 0 ■ 5348 1 1 7454 1 70* 0 \ 
RSS VELOCITY ERRORS. . . 0 . 1 1 2008*2*9*90-04 


SOLVE-FOR PARAMETERS 
-•NONE 

dynamic consider parameters 

-•NONE 


, MEASUREMENT CONSIDER PaRAMETrps 


Radius i 

0.23597136 

0.37476411 

0. 81070816 

-0.00213212 

0.02343533 

LAT 1 

0.1*30026* 

0.25901037 

0.56009351 

-0.0015*279 

0.01610984 

LONG l 

-0.2447&9S7 

-0.26377406 

0.03966606 

0.00109735 

0.00447030 

RADIUS 2 

0.1*59344g 

0.1*493759 

0.43502^15 

0 . 00 ?8fl 10 3 

-0.00082371 

LAT ? 

0.11740348 

0.11*65031 

0.30767129 

0.00202369 

-0.00060590 

long ? 

-0 ,23383385 

-0 . ?280 1733 

0.07887093 

-0.00070456 

0*00774797 

RADIUS 3 

0, 071*9135 

-0 g 0 0067880 

0.14559004 

0.00*03657 

-0.01806919 

LAT 3 

-0.04932553 

0,00040249 

-0,10025590 

-0.00003570 

0,01244345 

LONG 3 

-0.20007650 

“0 • 22255347 

0.12068100 

0.00422405 

0.00629113 


NO SOLVE-FOR P ARAMfTfRS 


POSITION 

1 

2 
3 


EIGENVALUES 

ft.978VQQ?34739YO*01 

0.1 B5037O1 044^1 0*01 
0 » 1696297RP51 73D+0? 


SQUARE roots of eigenvalues 

1 0. 31287361400+01 

2 0.l36Q2a640bD+01 

3 0.41l86l370bD+01 


position eigenvectors 

1 0*7S3i37G3n446?D+00 -0 . *5203674 59454D ♦ 00 

2 0. 836b 1 B1 7311 530* 00 0. *9 1 960?4759fl6IJ +0 0 

3 0. 1862181 SM?89 D + oO 0 . 30 02 1 29 1 1 6 1 $00 + 00 


0*611 667*2754300-0 I 
-0.3406400314*620+00 

0.936603*8491540+00 


VELOCITY 

1 

2 

3 


eigenvalue 

D* 10600744GB1 MD-09 
0. 9602ft 4 06G9S46D-1 1 
0*98490431S600PD-11 


SQUARE ROOTS OF EIGENVALUES 

1 0.1029599174Q-04 
? 0.3098645053D-05 
3 0.31383185240-05 


VELOCITY EIGENVECTORS 

1 0.734V523232598D+00 -0 . 6790452962472D* 0 0 

2 0.6343S3?0 8 18460* 00 0 . 68990 2 0919463D* 0 0 

3 0.24233242*66550+00 0 . 25 08636B643? OU + 0 0 


-0. 80419127976590-02 
-0.34870176630600+00 
0, 93719923465540+00 


00000000 


07687363 

05217086 

01324380 

00722027 

00535862 

00279494 

08357345 

05791271 

0H088P2 
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VY< 34.54?) V Z< 34.547) 

O.74OR296500D-O7 -0 .0080 1 35O60D-1O 
0.1 2491 640700-07 0 .665371671 70-1 0 

0. 6690490 158D-10 -0 .49914365570-07 
0.1 11851941 6D-01 “0,92571666930-05 
0.1Q018196&1D+01 0„ 76267993370-05 

0.76489161530-05 0 ,99?44l59?7D+00 

SOLVF-EOR PARAMFTERS 
--NONE 

DYNAMIC CONSIDER PARAMETERS 
—NONE 

IGNORE PARAMETERS 

—NONE 


STATE TRANSITION matrix PARTITIONS over ( 31,000* 34,547} 


-^TRANSPOSES shown 


X< 34,5471 Y< 34.547} Z( 34,547) VX< 34.547) 

X( 31.000) 0, 1005E53692D+01 -0, ll 49116 94 5n-Dl -0.15516746410-04 0,38189826080-07 

Y ( 31.000) -0.11491606^50-01 0 . 1 0 0 1 9647620 + 0 1 0 . 1 2772389 l?0-04 -U , 74090 13956D-07 

7t 31,000) -0.15^44498960-04 0 . I 2 f 95349 1 30-04 0 . 99,2?4 i 2O50D ♦ 0 0 -V . 8 1 246 125620-1 0 

VX< 31,000) 0.30707100230+06 -0,11573776030+04 -0 . l25658?409D+0 1 6 . 1 0057965740* 01 

VY ( 31.000) -0.11674044440 + 04 0,30666957 340 + 06 0.10 348 094840 + 01 -0,11185636140-01 

V?f 3 1 o 000 ) -0. 12584261300 + 01 * , 1 03633 1 4 1 5n+ 0 1 0 , 3 05694? 057D * 06 -0 . 9283931 377D-05 


* ASSUMEn GUIDANCE EvFnT * 


DIAGONAL OF DYNAMIC mOISF mATHTX 

o.n o.n 


0,0 


0,0 


0.0 


0.0 


PHI*P*PHI { TRANSPnSF ) 


matrix 1 = 

0.6770832427660*01 
-Q.3129OO208759D+01 
0,2838224552580+01 
0 • 1870606594900-04 
-0. 1448068216040-04 
-0.2504864620950-00 


-0 , 3l?9OO2O0759D*n 1 
0 . 6669411540900*01 
0. 394p3?05l8350*ni 
-0.1456042542150-04 
0.1658965325470-04 
0.446*448443400-06 


O.28302245525AD+O1 
0*394?3?05l 8350+0 1 
0.1516211633510+02 
-U , 1160090713730-06 
U.67490253S646D-O6 
0.3750783? 39300-05 


0.1070606594980-04 
-0.1456042542160-04 
-0. 1168U90713730-06 
0.6156326351300-10 
-0. 480 38368753 A D- 1 0 
-0.5131782208320-12 


-0.1440068216840-04 
0,1658965325470-04 
0,6749825356460-06 
-0.4803836875310-10 
0. 5407074065380-10 
0.5843329767360-1? 


-0.2504864620950-08 
0 a 44 6 0 44844 34 OD -06 
0.3750783239300-05 
-0.5j 31782208320-1 2 
0.5843329767360-12 
0.9825325467830-11 


total covariance matrix at k+i 

0.6770032427660*01 -0 . 3 1 29002007590*0 1 
-0. 3129002087590+01 0 .66694 \\ 54Q9OD+0 1 

0. 2030224552500+01 0 . 394P320 5 1 835D ♦ 0 1 

0. 187060659498D-04 -0.145*842542150-04 
-0.1 448 0682 1684D-04 0 . 1 6509&532547D-O4 

-0. 25048*4620950-08 0 . 446*44844340D-06 


0,2838?24SS?5RD+01 

0.394232051835^*01 

0.1516211633510+0? 

0.116809071373D-06 

0.67498253^6460-06 

0.3750783239300-05 


0. 1870606594980-04 
-0.1456842542150*04 
-O.1160O9O7137JD-O6 
0.6156326351300-10 
-0.4803836875310-10 
-0.513178220832Q-12 


-0.1448068216840-04 

0.1658965325470-04 

0.6749025356460-06 

-0,4803836875310-10 

0,5407074065380-10 

0,5043329767360-12 


-0.250486^620950-08 

0*4460448443400-06 

0.3750783239300-05 

-0.5131782208320-12 

0*5843329767360-12 

0.9825325467830-11 


CONTROL CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME 34.5471901 DAYS 



STD oev 

X 

Y 

Z 

vx 

vr 

vz 

X 

0« 260208 23n+01 

1.00000000 






Y 

0,?5825204n+01 

-0.46593012 

1.00000000 





Z 

0.389385620+01 

0.28012109 

0,39203809 

1.00000000 




vx 

0,784622610-05 

0.91622170 

-0.71896548 

-0.00382328 

l.oooonooo 



VY 

0.735328090-05 

-0.70600994 

0.87359953 

0.02357390 

-0.83^61892 

1 .00000000 


V Z 

0,313453750-05 

-0. 000x30711 

0.05510123 

0,30730426 

-0.02086575 

0.02535162 

l ,00000000 


RSS POSITION ERRORS. • . 


0.5340V 174^41 7D+U1 



RSS VELOCITY ERRORS. . . 


O. 1 1200 6 6289*90-04 


solvf-for parameters 
—NOME 

DYNAMIC CONSIDER PARAMETERS 

-.-none 


MEASUREMENT CONSIDER PANAMeTfRS 


Radius l 

0.23597136 

0.3747641) 

0,81070816 

“0,0 0213212 

0,02343533 

0.07687363 

LAT 1 

0.16300269 

0.25901637 

0.56009351 

-0,00155279 

0,01610984 

0.05217086 

long 1 

-0,24475987 

-0.26377406 

0,03968606 

0.00109735 

0,00447030 

-0,01324388 

Radius 2 

0.16593449 

0,16493759 

0,43502515 

0,00288103 

-0.00082371 

-0.00722827 

LAT ? 

0.11740348 

0.11665031 

0.30767129 

0,00202369 

"0,00060590 

-0.00535862 

long 2 

-0.23383385 

-0,22801733 

0,07887693 

-0,00070456 

0,00774797 

0.00279494 

RADIUS 3 

0.07149135 

-0.00067880 

0.14559004 

0,00003657 

-O.O1B06919 

-0,08357345 

LAT 3 

-0.04932553 

0.00040249 

-0. 10025590 

“0. 00003570 

0,01244345 

0. 05791271 

long 3 

-0.20007658 

-0,22255347 

0.12060100 

0.00422405 

0,00629113 

0,01108082 


NO SOLVE-FOP PARAMETERS 


POSITION 

etgenvalufs 

SQUARE ROOTS 

Of EIGENVALUES 

1 

0.97890023473990*01 

t 

0.312B738140D+01 

2 

0.18503791044910*01 

2 

O,l3602fi6*0bp+01 

3 

O.1696?978r5173o*02 

3 

0.411B6137OSD+OI 


POSITION EIGENVECTOR* 

1 0. 7531 375 30446 /D* 0 0 - 0 . 652836 74 59404D + 0 0 

2 0,63651817311530*00 fl , 69 1 96 0 24 759860* 0 0 

3 0, 16*2181 sa4?89D* 0(1 0 . 3 0 8 ? 1291 16 1560 ♦ 00 


0.811667*2754300-01 

-0.34064003)46620*00 

0.93668368491540*00 


VELOCITY 

1 

2 
3 


EIGENVALUES 
0.10600744581710-09 
0. 960284 06SPS46O-U 
0.98490431380030-1) 


SQUARE ROOTS OF EIGENVALUES 

1 0.10295991740-04 

2 0,30988450530-05 

3 U, 31383185240-05 


VELOCITY EIGENVECTORS 

1 0,73405232325980*00 

2 0 .634383^08 18460+00 

3 0 , 24 2 3 324 266*550 ♦ 0 0 


-0.67904529624720*00 
0,6899020919463D*00 
0 „ 250863686437 0D*00 


-0,804 191 2797659D-02 
-0, 34870 17663060D+ 00 
0.9371 99 23485540 ♦ 0 0 


STATE TRANSITION MATRIX PARTITIONS OVfR ( 34,547, 36.000) 


—TRANSPOSES SHOWN 


X< 34,547) 
Y ( 34.547) 
Z( 34.547) 
VX{ 34.547) 
VY< 34,547) 


X( 36.000) Y ( 36.000) Z< 36,000) VX( 36*000) 

0.10009659900*01 -0,18101938220-02 -0 . 29294 047840-06 0.15506342210-07 

-0. 1810?057 14D-02 0.10002643200+01 0.24134400500-06 -0 . 28751 443 1 80-07 

-0,2931*174570-06 0 . 241 475474 10-06 0 . 998771 197 OD* 0 0 -0 . 317 1 899 1 5*0- 1 1 

0.12556338510+06 -0.75451157490*02 -0,75437541400-02 0 . 1 000979007n*0 1 

-0.75451434570+02 0 . 125533467 1 D+06 0 o 6203936 1 080-02 -0.17979970550-02 


VY< 36.000) 
-0,287509) 4230** 07 
0.40694817750-09 
0,26107257320-11 
-0,17979824180-02 
0*10002453060+01 


VZ t 36.000) 
-0 . 31 66371 9620- 1 1 
0.26062374240-11 
-0,19527894440-07 
•0.10462977050-06 
0.85895451120-07 



B -22 


VZ< 34,547) -0.7546*540290-02 0 , 62062963680-0? 0*12547150380+06 -0, 1 047458 1230-06 0 .05989555320-07 0,9907771 0610+00 

50LVF-F0R PARAMFTERS 
— NONE 


DYNAMIC CONSIDFR PARAMETERS 

0*?0?942444flO+05 

0.7A13q961330+02 

-0*43344857200+04 


-8.4345B05069n+O4 
0*36576769120+03 
-0. 20209297430+05 


0.4778164934U-03 
0 , 2074452579 D*q 5 
0*373 97 377820+03 


0*33234917290+00 

0*12778975150-0? 

-0*70086011700-01 


-0,71250824000-01 
0*59085498900-02 
-0 # 33218752470*00 


-0 *82554666750- 08 
0*33950391620+00 
0.61218709400-02 


IGNORE PARAMETERS 

— nonf 

FINAL INSERTION has DURATION 0. 14520O987OD + O1 


MATRIX 1 = PHI*P*PHT 
0.1247775255900+0? 
-0*7675504777470+01 
0.2807132651620+0] 
0* 2683175686190-04 
-0* 208961 2132450-04 
-0*12?8U 120255D-06 


( TR ANSPOSF ) 

-0 • 75755047 7747 D ♦ 0 1 
0*1171??P4949lD+0? 
0.408i2?fl6569RO + 0t 
-0.210^232902250-04 
0.2363272404690-04 
0.4404075155470-06 


0.280713265162D+01 
0 *4003220656900+01 
0. 1621963430050+0? 
-0,2536016350590-06 
0.6827804637670-06 
0.466797497650D-05 


0,2683175686190-04 

-0*2103232902250-04 

-0.2535016350590^06 

0*6328864904720-10 

-0,4961350240470-10 

-0,5234097567470-12 


-0*2089612132450-04 

0*2363272404690-04 

0*6827804537570-06 

-0,4961350240470-10 

0*5524678166140-10 

0,5747690291430-12 


-0*1228111202550-06 
0,4404075155470*06 
0. 4667974975500-05 
-0.5?340975674?0-12 
0.5747698291430-12 
0-9660783236320-11 


total covariance MATRIX at «*i 

0.124 7775255980 + 0? -0 * 757 ** 04777470 + 0 1 
-0.757550477747D+01 0 . 11 7 l 2284949] 0+0 A 

0.2807132651620 + 01 0 * 4 08 3220456980 + 0 1 

0.26A31 75686190-04 -0 . 2 1 0 32329 0 2260-0 4 

-0.208961 2132450-04 0*2363272404690-04 

-0.12281 11202550-06 0.4404075155470-04 


0*28071 32651620+0 1 
0.4083220656980+01 
0.1621943430050+02 
0 , 2535016750590-06 
0. 6827884537570-06 

0.4667974975500-05 


0,2683175606190-04 
-0*2103232902250-04 
-0*2535016350590-06 
0 *6328864904720-10 
-0.4961350240470-10 
-0.5234097567470-12 


-0,2009612132450-04 

0*2363272404690-04 

0*6827884537570-06 

-0.49613502*0470-10 

0.5524670166140-10 

0*5747698291430-12 


-0 * 1 2281 1 1202550-06 
0-4404075155470-06 
0,4667974975500-05 
-0*5234097567470-12 
0,5747690291430-12 
0. 9660783236320-11 


MATRIX 1 = HHI*P*PHt (TRANSPOSE) 
0. 1247775255980+0? 

-0. 757550 4777470*0 1 


0 • ?8fl7 1 3265 162D + 0 1 
0*2683175686190-04 
-0+2089612132450-04 
-0*12281 1 1202550-06 


-0*7575Sn4777*7D+0t 
0.1 ] 71 22049491 D+o? 
0. 4003220656900+01 
-0.2103232902250-04 
0.2363272404690-04 
0.440407515647D-06 


0.28071324516?D+01 
0.4003220656900+01 
0.1621963430050+02 
-0.2535016350590-06 
0 .6827884537570-06 
0*4667974975500-05 


0.2683175686190-04 

-0,2103232902250-04 

-0.2535016350590-06 

0.6328664904720-10 

-0,4961350240470-10 

-0.5234097567470-12 


-0,2089612132450-04 

0,2363272404690-04 

0,6827804537570-06 

-0+4961350240470-10 

0,5524678166140-10 

0,5747698291430-12 


-0.1220111202550-06 
0.4404075155470-06 
0,4667974975500-05 
-0.5234097567470-12 
0 , 5747698291 430—12 
0.9660783236320-11 


total covariance mat 

0*1247775255980+0? 
-0*7575504777470+01 
0. 2807132651620+01 
0.2683175686 190-04 
-0.208961 21 32450-04 
-0*122811 1202550-06 


IX AT K ♦ ! 

-0.7575^04777470+01 
0.1171220494910+0? 
O*4O0322O6S690D+O1 
-0,210323 290? 25 D-04 
0.236327240469D-04 
0.4404075155470-06 


0.2807132651650+01 
0*4083220656900+01 
0.1621963430050+02 
-0.2535 016350590-06 
0.6827884537570-06 
0.4667974975500-05 


0,2683175686190-04 
-0.2103232902250-04 
-0,2535016350590-06 
0. 6328064904720-10 
-0.4961350240470-10 
-0,5234097567470-12 


-0.208961 2 1324SD-04 
0,2363272404690-04 
0*6027084537570-06 
-0*4961 35 024047D-10 
0*5524678166140-10 
0*5747690291430-1? 


-0,1228111202550-06 
0*4404075155470-06 
0,4667974975500-05 
-0.5234097567470-12 
0* 5747696291430®! 2 
0.9660783236320-11 


execution error correlation matrix ANn standard oevtations 


0.3783405190+03 
0,2103794670+03 
0.38421 21950+03 
0.6195902960-02 
0.35760O526D-02 
0*6209400080-02 


0.1000^80000+01 
*0. 2595774930+00 
0*2709663070-02 


o.iooooonoon+oi 

0 . 2 197518970-01 


0.999Q9998Qf>*00 -0.2597206680 + 08 
•0* 2600312640+ 00 0.9999990900+00 
0.2709661 040-82 0 .? 1 * 75 1 9040-0 1 


0 . 100000000 D + 01 
0*2705985710-02 
0*2197109470-01 
o.loooooooon+Ql 


o.iooooooooo+oi 

-0.2601824 190+00 
0.2705984480-0? 


0 . 1000000000+01 

0,21971 0 9550-01 


0.1000000000*01 


CONTROL CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS JUST AFTER FINAL INSERTION 



vz 



STD OEV 

X 

Y 

2 

VX 

VY 

X 

0*3783650 In* 03 

1.00000000 





Y 

0.2184062BD403 

-0.25962598 

l . nooooooo 




r 

0.38423330D+03 

0.002^2871 

0.0220199A 

1.00000000 



vx 

0*619590810-02 

0.99996703 

-n.?5971211 

0.00270&T3 

1*00000000 


VY 

0*357610300-02 

-0.26003481 

0,09990521 

0,0219703* 

-0*26018388 

1,00000000 

VZ 

0*628948090-02 

0,00270949 

0.02197261 

0.9999*608 

0,00270597 

0,02197107 


ftSS POSITION ERRORS* . • n*581804Mfi5g7D*03 
RSS VELOCITY ERRORS* * . 0*9525510939*30-02 


SOLVE-FOR PARAMETERS 
— NONE 

dynamic consider parameters 
—none 


measurement consiofR parameters 


RAOIUS 

1 


0.00151417 

0*00452650 

0*00828438 

-0*00000571 

0.0000443B 

0*00002046 

LAT 1 



0*O0U 1481 

0.00312812 

0*00572247 

“0*00000405 

0*00003049 

0*00001920 

LONG I 



-0. 001978.77 

-0*00309562 

0*00038013 

0.00000295 

0,00001354 

-0.00000707 

RADIUS 

? 


O.OOH4773 

0*00194374 

0*00439577 

. o*oonOn?76 

-0*00000469 

-0 . 00000 RR6 

LAT ? 



0.00081^01 

0.00137459 

0*00310865 

0.00000193 

-0.00000337 

-0. 00000539 

LONG ? 



-0.00160870 

-0*00265909 

0*00080125 

0,00000030 

0.00002016 

0.00000044 

RADIUS 

3 


0.O00492?6 

-0*00008594 

0.00138007 

0.00O000S6 

-0,00003066 

-0.00004336 

LAT 3 



-0.00033966 

0*00005842 

-0,00095540 

-0*00000040 

0.00002663 

0*00003004 

LONG 3 



-0.001363H5 

-0*00260136 

0*00123204 

0 *00000670 

0.00001645 

0.00000406 


NO 

SOL VE-FfiP PARAMfTFPS 








POSITION 

ElGENVAl, UFS 

square ROOTS OF 

eigenvalues 






1 

0, 14776044152250*06 

5 

0.30439620380+03 






2 

Q,4306g7R446?51c>*05 

2 

0.20752538270+03 






3 

0. 147669 23530* 06 

3 

O.3642777480Q+O3 





POSITION EIGENVECTORS 

1 0.R77781 A945H l^D^on -0 . 209563 1 65 1 932Q+ 0 0 
? 0*20962148530960+00 0*97761560053560*00 
3 "0*1183081 07) 9900-02 0.18735457924730-01 


0*50839530308120-02 

-0*18071261329880-01 

0*99982377594030400 


VELOCITY 

1 

2 

3 


EIGENVALUES 
0, 396275775430 10-04 
0*1154UnAn4?66D-04 
n . 39566675 n?53/D-04 


SQUARE ROOTS OF EIGENVALUES 

1 0*62950438870-02 

2 0*33972203410-02 

3 0*62902046930-02 


VELOCITY EIGENVECTORS 

1 0. 97759639? 0122D400 -0.21019066678160400 

2 0.2 0997237993530+ 00 0.977541 007548 00*00 

3 0.14727321 \78920-01 0.15279468573410-01 


-0*lliafl2R40 03220-01 
-0 * 1 8 032698 07730-0 1 
0*99977479656720400 


KNOWLEDGE CORRELATION MaTpIX PART? TrONS A N[) STANDARD deviations just after final insertion 


X 


sm oev x 

0*378365010403 l.OOOOOOOO 


Y 


2 


VX 


VY 


VZ 
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y o.?i 84062 en*o 3 

l 0 . 38423330 n *03 

vx o. 6 i 959 o«) n-o? 

VY 0 . 367 M o 30 n -02 

V 7 0 * 6 ?B 94 A 09 n- 0 ? 


- 0.25962598 1,00000000 

o, 00272871 0*02201994 

n. 99996703 -0. 2597121 1 

- 0 . 260034*1 0,99990521 

n. 00270940 0,n2197281 


1.00000000 

0 o 00270573 l.QOOOOOOO 
U« 0? 1970 34 -0.2601*388 
0.999946*8 0 * 0 0 ?7o597 


1 ,00000000 

0, 02197107 l.OOOOOOOO 


RSS POSITION ERRORS. , , a , 58 3 804 * 1 q 59 70 ♦ 0 3 
RSS VELOCITY ERRORS, , , n.Q 5255 l 09 G 9 *, 3 n -02 


SOLVE-FOR d^RamftFpS 
--NOMF 

nYNAMTC CONSIDER PARAMETERS 
— NONE 


measurement consjofr PARAMETERS 


raqtus 

1 

0, 00191417 

0, 0045?650 

0,00823*38 

-0.0OO0O571 

0,00 0 044 3R 

0 ,00002846 

lat i 


0.00 1 1 14R1 

0. nn3l?8l2 

0,00572247 

~0 .0o00o405 

n,nooo3049 

0.00001920 

LONG 1 


-n , nnl97fl77 

-0.0030956? 

0.00038813 

0*00000295 

0.00001354 

-0.00000707 

RADIUS 

? 

0.0011*773 

0.00194374 

0.00439577 

0.00000276 

-0.00000469 

-0.00000846 

LA 1 ? 


n t 00U*1201 

0.00137459 

0.00310865 

U. 00000193 

-0.00000337 

-0.00000639 

long 2 


-o.ooleo870 

-0. 0 0265909 

0.00080125 

0*00000030 

0.00002016 

0,00000044 

Radius 

3 

n . onQ*92?6 

-0.00008594 

0.00138807 

0*00000056 

-0, 00003866 

-0,00004336 

LAT R 


- J . 000339*6 

0,00005842 

-0,00095548 

“0.00000040 

0.00002663 

0.00003004 

LONG 1 


-0 ,00136355 

-0.00260136 

0 * 0 0 1 23284 

0*00000670 

0.00001645 

0,0 0000406 


NO 

SOL'/F-FOP PARAMpTFPS 








POSITION ETGFNVALUFS 

SQUARE ROOTS OF 

EIGENVALUES 






1 0.l4776044!5?2bf>*06 

1 

0,38*396203dn*03 






? 0.4306678 A46?blD*05 

? 

0.20752530270*03 






3 0, 147669?«9?35J0 + fl6 

3 

0.3ft427774880*03 





POSITION 

1 

EIGENVECTORS 

0.9777P.lfl94SOl9D*nn 

-0.209S63 165X9 320*00 0 . 50039510308 1 20-02' 

2 

0.20962U8S3096D + 00 

n. 97 761560 ObSSfeD* 00 -0 . 1 807 1 2 M 32988D-0 1 

3 

-0.U83O81O71R9OD-02 

0. 18735*5792* 73U-01 0 . 99982377*94 03D» 0 0 

velocity 

eigenvalues 

SGUARF ROOTS OF EIGENVALUES 

1 

0,39627577S430 Y 0-04 

1 0.8?950*38B7d-02 

2 

0.1 1541106042560-04 

? 0.3397??o3*10-02 

3 

0 *39566675 0753 7 D-04 

3 0.029020*6930-02 

VFLOCITY 

1 

eigenvectors 

0,97759639?0122D+00 

-0.21U190fr667816U*00 -0.1119020*003220-01 

2 

n , 20997237993530+00 

0. 9775*1 n07b*fl00*00 -0.180326O8B07730-01 


3 0.147273?! 1 78920-01 0.15279468573410-01 0 . 99977479656 720* 00 



CASE E-2 

Long (118 day) Transfer Time Mission to the Point with 
Impulsive Insertion and Generalized Covariance Analysis 
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IMPUT DATA FOR PROBLEM 
MODE TO BE EXECUTED. . .ERROR ANALYSIS 


e o 


lie 


LAUNCH 

DATE 

7 

’ 2? 21 

2.100 

1974 

JULIAN 

OATE . . .2442230,43127426 

PINAL 

DATE 

11 

* 22 21 

3.000 

197* 

JULIAN 

OATE . • .2442356.43128468 

INITIAL 

trajectory 

Tl^e a 

0.0 






INERT! AL FRAME TS GEOCENTRIC ECLIPTIC 

INITIAL STATE VECTOR 
AT TRAJECTORY TIME 0.0 


state x^comp v-comp 2-comp 


RADIUS 


INERTIAL '-0.3053448040* 0.58059890*04 
MEL 10- 0 ,44.3820 1 D* 08 -0.1464605(1*09 
ROT.GFO- -0.64443550.04 -0 , 1 ?26lOSr)*p4 


- 0 . 23461890 . 0 ? 

-0,64887260*03 

-0.23461890*0? 


0.65600000*0* 
0. 15208O7D+O9 
0.656O00DD*O4 


X-DOT 

-8.36006750 

19.64?6?605 

1 • 74?93999 


THF FOLLOWING QUANTITIES are To re AUGMENTED To THE STATE vector 


Y-.no? 

-A. 37336030 
*. 20406799 
“9. ?7 1 20995 


MEASUREMENT CONSIDER PARAMETERS 
RAUJUS 1 
LAT l 
LONG 1 
RADIUS 2 
LAT 2 
LONG 2 
RADIUS 3 
LAT 3 
LONG 3 


Z-DOT 

5.77188219 

5.77171304 

5.77188219 


VELOCITY 

11.06036315 
20.90023083 
1 1.05928559 



MEASUREMENT NO 


1 at trajfctory TIME 


0.042 


PROBLEM® ® 


118 


RANGE-RATE WAS MEASURER FROM STATION 2 AT TRAJECTORY TIME 0.0*200 DAYS 

INITIAL TRAJECTORY time 0,0 

FINAL TRAJECTORY TjmE 0® 0*? 

INITIAL 

at trajectory time 0.0 


STATE X-COMp Y-COMP z-comp 

RADIUS 

X-DOI 

V-OOT 

7-OOT 

VELOCITY 

INERTIAL -0*30634400+04 0,58059890+04 -0.^3461890+02 

HELIO- 0.44302010+08 -0 . 14546050+09 -0 .64807260+03 

ROT. GEO- -0.64443550 + 04 -0 . 1 226 1 OSD* 04 -0 . 2346 1 89D+ 0 ? 

final 

AT TRAJECTORY TIME 0.04?0 

0,65600000+04 

0.15208070+09 

0.6560000D+04 

-8.36006750 
]9, 64262665 
1 . 7*293999 

-4.37336030 

4.20406799 

-9.27120995 

5.77186219 

5.77171304 

5.77188219 

11.06036315 
ZO. 90023083 
11.05928559 

STATE X-COMP Y-COMP Z-COmP 

RADIUS 

X-OOI 

V-OOT 

7-OOT 

VELOCITY 

INERTIAL -0.1 0939770+05 -0 , 1 7908 1 9[) ♦ o 5 0 . i 1 0 8442D+ 05 
HELIO- 0. 44475730+00 -0.14545320+09 0.10458420+05 
ROT.GFO- 0. 1400147D+05 -0 . 15722990+ 05 0.11084420+05 

0.23793230+05 

0.1521010D+09 

0.23793230+05 

0.<lb630315 

28.06302100 

5.3*2218*3 

-5, <34852751 
3.04878712 
-1.56228173 

1.56176817 
1 ,56160610 
1 .56176518 

5.76*51768 

28.27130815 

5.76245118 


OJ 

TO 


state TRANSITION MATRIX PARTITIONS OVER* 0,0 


0,0423 


— TRANSPOSES shown 


Xf 

0.0 

Y ( 

0.0 

Z< 

o.c 

VX( 

0.0 

VY ( 

0.0 

VZ( 

0.0 


X< 0.042) 
0.46420l2flfl60*01 
-0.4599S92755D+01 
-0.2075669239D+01 
0. 59677026480+04 
-0.57365384330+03 
-0.2023)953040+04 


Y( 0,0423 
-0. 1 34913)8230+01 
-0,12026409780+00 

0,20566263330+00 

0.47570351760+03 

0.25383126550+04 

-0.43662631670+03 


Z( 0.042) 
-0,3013 555602D+01 
0,20404310680+01 
-0. 618611*0280+00 
-0.23253316630+04 
0.12980696730+03 
0.31315005010+04 


VX( 0.042) 
0, 127 914567 2n-0? 
-U.i485194357n-0? 
-0 .669930 14730-03 
0.19352947560+01 
O.2B0766O340D-02 
-O.90l05969bon+00 


YY< 0.042) 
0.15608761 65!)-03 
-O.B726947403D-03 
-0.50538154070-04 
0.60324020100+00 
0. 55929825 69n+00 
-0.45281 77*000+00 


V7< 0.042) 

-0. 11427166800-02 
0 • 83582618220-03 
-0.37797599^70-03 
-0.1096972695D+01 
-0 o 855266190*0-01 
0 c 08427605600 + 00 


solvf-for parameters 


—NONE 

dynamic CONSIOER PARAMfTEPS 


— NONE 

ignore parameters 

—NONE 

diagonal of dynamic noise matrix 

0.0 0,0 0,0 0.0 0.0 o.o 


OBSERVATION matrix partitions — TRANSPOSES SHOWN 

RANBF-RATE (2) 

X 0.7711S66101U-04 

Y -0.47R2S268620-04 

t -0.27078oi6l50.04 

vx -0.34359081 78^+00 
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VY -O.016S9575O8D+OO 

VZ 0.463&067803LUOO 

SOLVE-EOR PARAMETERS 

--NONE 

dynamic consider parameters 

--NONE 


MEASUREMENT CONSIDER PaRaMETpRS 


0.0 

0.0 

0.0 

0.9BJ U.O«3«1U-05 
0 ,279000978^ + 00 
fl .495446739bU-01 

o#n 

o.o 

0.0 


ignore parameters 


- - N 0 N f 


HEASURFMFNT NOISF MATRIX 

n * ) 1 3 


gain matrix partitions 

k -matrix 

-n .?7 r 1 S94^^80 *04 
-r).4HS9O37^^9L) + 03 
0. 32A43P9 »O^u .04 

-n, m?) 6*31 od+oi 

-0.S2741 4?4f^3!) + O0 
0. S9 ?ra? 1 d / 10+00 

S-MaTR f X 

NOT dEEImEO 

CORRELATION MATRIX PARTITIONS aNL) STANDARD DEVIATIONS aT TIME 



STD DEV 

X 

Y 

X 

0.233244 IZd + 0.3 

1 .ooouoonn 


Y 

0 • 1 049S34jf^03 

•0.472*431? 

1 ,00000000 

7 

0. W?6974n*03 

•.0.84280909 

0.048S7499 

vx 

O,7fll703son-n i 

0.9797003? 

-0.39774529 

VY 

0 « ?9B50 Tftfin—n 1 

0,412^4241 

0.^1059701 

Si 7 

0 .E035?0OOn-0 1 

-0 ,Pfl T43 068 

0 . 1 3430377 


R$S POSITION ERRORS. . . 0.3170132710940+03 
RSS VFLOCITY ERRORS. . . 0. 1 020 17941 Q^PD+OO 


0.042 DAYS* JUST 6 tFORF THE MEASUREMENT 

Z wX W V 2 


wnoooouoo * 

- 0 .93328 U £3 1.00000000 

-O.P3?901?8 0.5RSSS299 1.00000000 

O.9Q570648 -0.90171879 -0.70310935 1,00000000 
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SOLVF-FOR PARAMETERS 


—NONE 

DYN4M I C CONSIDER PARAMETERS 
—NONE 


MEASUREMENT CONSIDER PaRaMFTfRS 


RAOlUS 1 

0.0 

0.0 

0.0 

O.o 

0.0 

0.0 

lat 1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

LONG 1 

0,0 

n.o 

0.0 

0.0 

0.0 

0.0 

RADIUS 2 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

LAT 2 

0,0 

o.n 

0.0 

0.0 

0.0 

0.0 

LONG 2 

n.o 

0.0 

U.o 

0.0 

0.0 

0.0 

RADIUS 3 

0.0 

o.n 

0.0 

0,0 

0.0 

0,0 

La i 3 

n.o 

o.n 

O.n 

0,0 

0.0 

0.0 

LONG 3 

0,0 

0.0 

0.0 

0.0 

. 0.0 

0.0 


NO SOLVE-FOR PARAMETERS 


CORRELATION 

MATRIX partitions and 

STANDARD DEVIATIONS AT TIME 

0.0*2 DAYS ? JUST 

AFTER THE 

measurement 



STD DEV 

X 

Y 

Z 

VX 

W 

VZ 

X 

0. 17759*800*03 

l .ooovooon 






Y 

0,101574070+03 

-0.99809844 

l.oonooooo 





7 

0.564144070*02 

-0.97^44721 

0.98987936 

l.OOQOOQOO 




vx 

0.48192290D-01 

0.99982095 

-0.99088612 

-0,90256706 

1 , QOoOoOOO 



VY 

0.P2947139O-02 

-0.996*2495 

0,99951895 

0.99264257 

-0.99726231 

1.00000000 


V2 

0.221573400-01 

-0.99*69656 

0,999*8914 

0,99291404 

-0 .99668934 

0,99990913 

1,00000000 


RSS POSITION ERRORS * . . r . 2 1 22274723 A OD* n 3 
RSS VELOCITY ERRORS* . . 0.53686*6095430-01 


SOLVE-FOR PARAMETERS 


--NQNF 


DYNAMIC CONSIDER PARAMETERS 


--NONE 

measurement CONSIDER PARAMETERS 


Radius i 

0.0 

o.n 

0,0 

0,0 

0,0 

0.0 

LAT 1 

o.o 

n.o 

0.0 

0.0 

0,0 

0.0 

LUNG 1 

0.00000053 

o.nooooolG 

-0.00000198 

0,00000060 

0,00000216 

-0.00000152 

Radius 2 

0 .00000505 

o.nnnooi54 

-0,00001876 

0,00000757 

0,00002040 

-0,00001444 

LAT ? 

0. 00000631 

a. no oo 0193 

-0,00002346 

0,00000947 

0.00002562 

-0.00001006 

LONG 2 

0 .00000059 

n, no rjonnis 

-0,00000220 

G.OOOOOOP9 

0,00000240 

-0,00000169 

RADIUS 3 

0.0 

n.o 

0,0 

0.0 

0.0 

0,0 

LaT 3 

0.0 

0,n 

0,0 

o»o 

0.0 

0.0 

LONG 3 

0.00000053 

0.00000016 

-0o00000l96 

0,00000080 

0.00000216 

-0*00000152 


NO SOLVE-Fnp PARAMETERS 
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ACTUAL FSTiMATION ERROR STATISTICS 

diagonal of actual dynamic noisf cdvakiance matrix 

0.0 0.0 0*0 o.o 

ACTUAL MFASUPFMENT NOISE CORRELATION MATRIX AND STANDARD DEVIATIONS 
0.1?909945n-06 UOOOOOOOn 


ACTUAL MEASUREMENT RfSIOUAL mEanj 

0.0 

actual measurement pfstdual correlation MaTRTX ANi) STANDARD DEVIATIONS 
ft.*43694l3n-ftl 1.00000000 

ACTUAL ESTIMATION FPpOP MEAN* a T TIME 0.04? 0*YS BEFORE THE MEASUREMENT 

* o.o 

Y 0.0 

Z 0.0 

VX 0.0 

VY O.o 

vz o.o 

ACTUAL CORRELATION MATRIX PAUTTTTONS AND STANDARD DEVIATIONS AT TIME 0.042 DAYS JUST BEFORE THE MEASURFMENT 
STD DFV X 

x ft ,?33?F4‘i?^ + o3 l.nnuuoooo 

Y 0. 1 ft49S34ln+03 -0.572^4312 

7 O. 1 «7?6974D+03 -0.842*5999 

vx 0.7Al7f>3S0n-Ol 0 ,97V 7503? 

VY 0 . 29850 788n-0 1 0.41204241 

V 7 0.^83528000-01 -O.PA7o30frR 


Y 1 VX VY VZ 

1.00000000 

0 .n 48 S 7499 l.OOOOOQoO 

- 0.39774529 -U . 93325023 l.OooOftOOO 

0,Sl0e>97f>] -0.83290128 0.58555299 1.00000000 

0. 13436377 0.99570648 -0.96171879 -0.78316935 I.ftftftOOOOO 


SULVF-FOR parameters 

—NONE 

DYNAMIC CONSIDER PARAMETERS 

—none 



MEASUREMENT CnNSIDER PARAmFTEHS 






RADIUS 1 

0.0 

n , n 

0.0 

0.0 

0.0 

0.0 

LAT 1 

0.0 

0.0 

0*0 

U.D 

0.0 

o.o 

LONG 1 

n . 0 

o.o 

0.0 

0.0 

0.0 

0.0 

RADIUS ? 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

LAT ? 

o.o 

0.0 

0.0 

0.0 

0.0 

0.0 

LONG ? 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

RADTUS 3 

0,0 

0.0 

o.o 

o.o 

0.0 

0.0 

LAT 3 

0.0 

0,0 

0.0 

o.o 

0,0 

0,0 

LONG 3 

0.0 

0.0 

o.o 

0.0 

0.0 

0,0 
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ignore parameters 


—none 


SOL VE-FOR PARAMETERS 
NO SOLVE-FOR PARAMETERS 

ACTUAL ESTIMATION ERpOR MEANS AT TIME 0.048 OAYS AFTER THE MEASUREMENT 

X o.o 

Y 0.0 

Z 0.0 

VX 0.0 

VY 0.0 

VZ 0.0 


ACTUAL 

correlation matrix 

PARTITIONS AND ' 

standard deviations 

AT TIME 0 

.048 DAYS JUST 

AFTER THE MEASUREMENT 


STD DEV 

X 

r , 

Z 

VX 

VY 

VZ 

X 

0.177596800*03 

1.00000000 






Y 

0. 101574070*03 

-0. 99809843 

1 .00000000 





Z 

0. 5*4144090*02 

-0.9794471C? 

0,90987933 

1*00000000 




VX 

0.4Q192291D-01 

0.999*32095 

-0.99880611 

-0.90256705 

i.onnooooo 



VY 

0. 029471410-02 

-0. 996^2490 

0.09951B92 

0.99264245 

-0.99786225 

1 .00000000 


VZ 

0. 221573400-01 

-0.995&965S 

0.99920918 

0*99291404 

-0*99668934 

0.99990904 

1.00000000 


SOLVE-FOR PARAMETERS 

—NONE 

DYNAMIC CONSIDER PARAMETERS 

--NONE 


measurement consider PARAMETERS 


RADIUS 1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

LAT 1 

0.0 

0.0 

0,0 

u.o 

0.0 

0,0 

LONG 1 

0 ,00000533 

0. 00000163 

-O.OOQ01980 

U • 0 0 fi 0 0799 

0.00008163 

-0.00001524 

Radius 8 

0.00005046 

0.00001541 

-0.00018755 

0*00007568 

0.00020484 

-0,00014436 

LAT ? 

O.OOOU631 1 

0. (10001980 

-0,00023460 

0 , 0 0 o 09467 

0.00025682 

-0 . 00018057 

LONG ? 

0.00000592 

O.DOOOOiai 

-0 • 00002800 

0.0000088Q 

0*00002403 

-0,00001694 

RADIUS 3 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

LAT 3 

0.0 

0,0 

0.0 

0,0 

0.0 

0.0 

LONG 3 

0*00000533 

0.00000163 

-0.00001980 

0 o 0 0 000T99 

0,00008163 

-0, OOOOI524 


IGNORF PARAMETERS 


NONE 
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ERROR ANALYSIS MODE- GUIDANCE EVENT AT TRAJECTORY time tK500000000*nl days problem. , 110 

tt-fl-**##*©*#*****## *©*■&© *4 *#***© *******4 <>#***# + *** 4*® ****** & O »«■<&»*© 4» ® *#4*** fr©********#***®*® ************* 

AT TRAJECTORY TIME 5*00(10 

STATE X— COMP Y-COMP Z-Ct)MP RADIUS X-DOT Y-DOT 7-DOT VELOCITY 

INEPT T AL 0 , 2 1 24 1 9SD+G6 -0 ,5648053n+ 06 0 6 *7696RS0* 05 0 , 60531 1 60+ 06 0.38280934 -0.72536502 0.0O076788 0.02018168 

HELIO- 0.56527090 + 08 -0 . 1 4 10 1 79D + 09 0 * *72453 OD + 05 0 . 15266830+ 09 27.5/661946 10.19431159 0.00165488 29.40076467 

ROT.GfO- 0.60331 31 n + 06 -0.11849640 + 05 O « *7b963HD+05 0 . 6053 U 60+ 06 0.B1327439 -0.02929974 0,00076619 0.81360237 


STATE TRANSITION MATRIX PARTITIONS CVERf 4.600. 5.000) —TRANSPOSES SHORN 

X< 5.000> Y < 5. 000 > Z( 5.000) VX( 5.060) VY ( 5«000) VZ ( 6.000) 

0.9992P26A1 1()*00 -0.1 lb685l643n-02 0 • l 0 1 3 ] 364?9U«03 - U . 4 3779807580-0 7 -0.6726410496D-07 0 .56975777610-00 

-0.11R6ft5fl703P-02 0 . 1 0 * \ 97 36500+ 0 ) -0 . 2728 0 73384D-0 3 -U ,6726486781 n-07 0 . 1 l\ 490423Sn-06 -0 . 1 52951 04Q5D-07 

0 ■ 1 0 1 3 1 5 1 4 ? 6 D“ 0 3 -0.?7t«l n2039D-03 0 . 9980 0 b 1 2590 ♦ 0 n 0.66978 032960-08 -0.15295536240-07 -0.67646693140-07 
0 . US5] 2057SD+n5 -0,13379913950+02 0 • 1 1 33 0 2704 00 ♦ 0 1 0.99926364470*00 -0.11373406780-02 0 ,9555781 210D-04 
-0. lllHnlfl6040*0? o,l43pp l bx > 65D*05 -0 . 3 04 1 1 5 1 o99D ♦ 0 1 -0 . Ill 7346 1 57n-02 0 . 1 0 0 1 07^7510 + 0 1 -0 .256691 3 1 99D-03 

0.11330827470+01 -0 . 3U4 l 26^5030+0 ] 0 . 3454 6bS7 38U+ 05 0.95559428770-04 -0,25669441330-03 0 .99RP69979BD+ 00 

Sm.v/r-FUR PARAMETERS 

— NONF 

DYNAMIC CCK'jSIOFR PAPaMpTrss 
--VONF 

ignore parameters 

— NONE 

DIAGONAL or dynamic* NOISE EAT^T* 

0,0 n.o ^.0 o.o o.a o.o 

MATRIX 1 = PHI*P*PHI < TRANSPOSE) 

0*1 7475fl3v7I33D+0n U . 796?494ft 1 237D-0 1 0.1578979774050+00 0 . 24 1 03439904 7 D-06 0.1206806650960-06 

0.7962404812370-01 0.5146512377770-0) 0 . 1 996058 7968 3D + Ob 0,1220583013730-06 0 .59?n50459O01D-O7 

0. 1 578979 7740 SD+ 00 0. 1 990868796830+90 0 . 1 56 04 7 0 1 ?n 9*0+ 0 ] 0.3688594195920-06 0 .1926204048560-06 

0, 241 0343990470-0 a 0, ) 220603013730-00 0 . 36 ppS94 ) 96920-06 0. 3704164961 10Q-I2 0 ,1874296374940-1? 

0. 1 2n64«666096D-06 0 . 5920b 046908 1 D-0 t 0 • 1 92520404B56 O-0fc 0 . 1 674296 37494 Q-l 2 0 . 1 1 54 7559214 0D- ) 2 

0. ?04?9?l517000-0s 0.213951730797D-06 0.2102806914140-06 0.5459654996850-12 0 • 40 1740 ?? 1 5060- 1 2 

TOTAl COVARIANCE MATRIX AT *+! 

0. ) 747603971330+00 0. 79524048 1?37D- 01 0 • 1 570979774 OSD ♦ 0 0 0 , 24 1 0 34399 04 7 D-06 0.1206006650960-06 

0.7962404012370-01 0 . 5 1 4651 2377770- n 1 0 ♦ 1995B5B79603D+O 0 0 . 1 2205830 1 3730-06 0.5920504590010-07 

0. 1 57B97977405P + 00 0 . 1 99^868796830 ♦ 0 0 0.1560470) 20960 + 01 0 . 3608594 1 9592D-06 0,1925204048560-06 

0.24)0343990470-06 0 . 1 2? 0 6* 30 1 3 730-06 0 . 3 6» ft 594 l 95 9 2 D-0 6 0 , 37 04 1 6496 1 1 0 D- 1 2 0.1874296374940-1? 

0. 120 500665 09bD- 06 0.5920504590 810-07 0 * 1 926204R4R56D-O6 0 , J 0 74296374940- 1 2 0.1154765921400-12 

0 • 2 O 4 2 9 ? 1 5 1 7 0 0 D— 0 6 0,213951730 79 70-06 0 . 2 1 8 20069 1 4 1 40-05 U , 54596549968PD- 1 2 0 . 40 1 t40??1 5060 - \ 2 

correlation matrix partitions ano standard deviations at event time 5,000 days 
RASED on MEASUREMENTS UP Tn TT^F 4,600 DAY* 

STn DEV * Y Z VX V Y VZ 


0.204?9?161700n-06 
0. 2139517307970-06 
0.21 B?Bq6914 1 4D-05 
0.5459654996850-12 
0.4017462215060-12 
0.4358294031950-11 


0.2042921517000-06 
0*2j 3951 730797D-06 
0.21828069141 40—05 
0.5459654996850-12 
0.4017482215060-12 
0.4350294031950-11 


X { 4.600) 

Y { 4. 600) 

7 ( 4.n«0) 

VX{ 4,600) 

V Y ( 4 , b 0 0 ) 

V 7 ( 4.600) 
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X 

0.418041 14n+00 

1.00000000 


Y 

0. 226837220*00 

0.83862629 

1.00000000 

2 

0 , 1 ?49l 070n*O 1 

0.3023638) 

0.70434879 

vx 

0,608618510-06 

0.94735956 

0,8 84 11315 

VY 

0.339817000-06 

0.84887230 

0.76910520 

V7 

0,208765290-05 

0.23408541 

0.451796B4 


1.00000000 

0.40516335 1 • OQnOOOOO 

0.453546B6 0,90624997 1,00000000 

0.83700738 0.42969642 0.56630521 1.00000000 


RSS POSITION ERRORS . . . 0 . 1 33666886n?20*0 l 
RSS VELOCITY ERRORS. . . 0.2200951367070-05 


solve-for parameters 


--.NONE 

n YNAM I C COMSTOER PARAMETERS 


— NONE 


t MEASUREMENT CONSIDFR PARAMETERS 


RADIUS 

1 

-0.10498408 

-0.42961397 

-0,59123152 

-0.27568251 

-0,25360327 

-0,47015130 

LAT J 


-0,12642380 

-0.29749506 

-0.40806583 

-0.19198906 

-0.17560267 

-0,32416877 

LONG 1 


0. 900^2480 

0.60934337 

-0.04481866 

0.76014808 

0,74093633 

-0.04?50656 

RADIUS 

2 

-0,16782225 

-0.41506659 

-0.50544319 

-0.23844880 

-0,21380582 

-0.34297806 

LAT ? 


-0,11795300 

-0.29291494 

-0,36063695 

ft). 16870211 

-0,14018490 

-0.24667467 

LONG 2 


n, 80596061 

0.56209546 

-0.04454667 

0.72968075 

0.60706004 

-0,06141112 

RADIUS 

3 

-0.29106365 

-0,4312942$ 

-0,45098613 

-0.26139814? 

-0,00932646 

-0.17706014 

LAT 3 


0,13970370 

0,29027087 

0.31304245 

0. 18211155 

0,06410650 

0,] 2559863 

LONG 3 


0,04433425 

0.55473400 

-0.04635740 

0.69917743 

0.63189191 

-0,05858801 


no solve-for parameters 


POSITION EIGENVALUES SOlJARF ROOTS OF EIGENVALUES 

1 0. 1775]694.487»lD + 00 l 0 . 4? 1 32760280+ 0 0 

2 0.3267201739*810-0? 2 0.57159441390-01 

3 0.160589Q491?560*(H 3 0 , 1 26 72408970* 0 1 


position eigenvectors 

1 0.92762645766000+00 0.33984804474720+00 -0 , 1 54957793521 7n + 00 

2 -0.355 05207=: 142&0+ 00 0.931 1?43 0 5230 7U + 0 0 -0 . 83339979?7527n-Q 1 

3 0,1 15961Q7P1551D+00 0 . 1 3232645590 600+ 0 0 0 , 904 39957$4646D+t)0 


velocity EIGENVALUES SOOAPE roots OF EIGENVALUES 

1 0.3580471 1549020-1? 1 0 , 598370 3832D-06 

2 0.1331951 4616730-1 3 2 0 . 1 1 54 1 020 15D- 06 

3 O.447202o29OO9lD-n 3 0 . 2 \l 4OQ4322Q-0S 


VELOCITY EIGENVECTORS 

1 0.8932311 379? 7 10+00 0,41863700036160+00 -0.16395406014690+00 

2 -0.4286476CT0010D+00 0.90298573128300400 -0.29631032915110-01 

3 0,135644?525499n+00 0,96746219706860-01 0 .98602272069290+ 00 


DIAGONAL OF ACTUAL DYNAMIC NOISE MaTPIX 

0,0 


0,0 


0.0 


0.0 


0.0 


0.0 
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- PHI»P*PHr (TRANSPOSE ) 

o, 74 RQ 9 Q 6134090+0 l 


MAT W I X 1 

0. ] 6SOSP920674O+ 0? 
n. 74 Q 99 nt> 134 O 9 D +01 
0. 12?16?*5511 10*0? 
0.?l5?l7209S74D-04 
0. IOSR02820686D-04 
0* ) 1677*4515860-04 


0 . 1650629206740 + 0 ? 
0 , 7 4 q 9906 l 34 U 90 +Ol 
0 .l 2716 ? 865 llin+ 0 ? 
0.2162172095740-04 
0. 1 0690 ? 82 U 686 n-Q 4 
0,1 1 * 77 A 4 S 16 R 6 D- 0 A 


0.4714 1 ??"7 4884 0 0 1 
0 .1789292900460+0? 
0.110) 2fl8ft902flO_04 
0 . 52 ?? 9384767 oD -05 
0.1884191043210-04 


0. 178929?90n48n+0? 
0.1101 ?«669020D-04 
0 .S?7?9 38478 7 00-0* 
0 . 1«64 191 043210-04 


0 . 12716285511 1 D+ 0 ? 
0 . 178929 ? 90 o 4 Sn+ 0 ? 
0.12879843641^0+03 
0 . 2798852 R 67840-04 
0 * 1 139620309440-04 
0 . 140018906791 D -03 


0 . 1271628851110+02 
U . 1789 ? 9290 O 480 + 0 ? 
0 . 1267984384180+03 
0 . 2798852867840-04 
0 . 1 139620309440-04 
U. 1400189967930-03 


0.2152172095^0-04 
0 , 1101266690200-04 
0 . 2798852867040-04 
0 . 2929282447870-10 
0 . 1441537933080-10 
0 . 2034186918450-10 


0 . 2152172095740-04 
0 . 1101206690200-04 
0 . 2790062867840-04 
0 . 2929202447870 - 1 0 
0 . 1441637933000-10 
0 . 2834104918460-10 


0 . 1059028206860-04 
0 . 5272938476700-06 
0 . 1139620309440-04 
0 . 1441537933080-10 
0 . 7959567566240-11 
0 . 1 3366003 l 68 3 D- 1 0 


0 . 105 Q 028206 B 6 D -04 

0 . 527 ? 93 B 47670 D -05 

0 . 113 Q 62030944 D -04 

0 . 1441537933000-10 

0 . 7959567566240-11 

0 . 1336608316830-10 


0 . 1167764515860-04 

0 . 1864191043210-04 

0 . 1400189967930-03 

0 . 2834186918450-10 

0 . 1336608316830-10 

0 . 1662878 * 79650-09 


0 . 1167764515860-04 
0 . 1864101043210-04 
0 . 1400189967930-03 
0 . 2834186918450-10 
0 . 1336608316830-10 
0 . 1662878 * P 96 S 0— 09 


total covariance matrix at * + i 

0.7499906) 34090+01 
0.4714122740640+01 




ACTUAL ESTIMATION FPoOW ^E ANS A T T T Mt 5.000 DA YS 


X 

n . o 

Y 

0 . 0 

z 

0 .0 

vx 

n . o 

V Y 

0.0 

VZ 

n . 0 


ACTUAL CORNEL AT ION MATRIX PARTITIONS and stanoapd deviations 

AT TIME 5. 

OOU DAYS 



STD OFV 

X 

Y 

7 

vx 

w 

v7 

X 0 .40626 707n + 0 1 

Y 0.217120310+01 

7 0. 1 1 2604810*0? 

VX 0. 541220460-05 

VY 0.28212 7060-05 

l.ooouooon 
0.fl<5UC4437 
0.27796*01 
0.978 1 7925 
o.9?3vss75 

1 .00000000 
0.73165331 
0.93717204 
O.R60B1044 

I .00000000 
0.45924294 
0.35872240 

1.00000000 

0.94406243 

1.00000000 


VZ 0. 12895?66n-04 

O.2?2*Ol60 

0.665B2434 

0.96427232 

0.40608557 

0.36739151 

1.00000000 

SOLVF-FOH PARAMETERS 

--NONE 

DYNAMIC CONST oEW PARAMETERS 

—NONE 

measurement consider parameters 
RAUTUS 1 -0.190^4513 

-0 • 44084073 

-0.65588599 

-U.3U13312 

-0.305*6061 

-0.76114191 

LAT 1 

-0.130U8770 

-0.31080904 

-0.45269011 

-0.21589422 

-0,21 151028 

-0.52480646 

LONG 1 

0. 926^259? 

0. *366 1367 

-0.04971983 

0.85479651 

0.89244457 

-O.O6B01514 

Radius ? 

-0.17288593 

-0.43364230 

-0.56071623 

-0.26813847 

-0,25752529 

-0.55525737 

lat ? 

-n,!?l371*l 

-0.30602393 

-0*40007461 

-0.10296066 

-0.17048*07 

-0.39934095 

LONG 2 

0.91 163675 

0.58008705 

-0*04941699 

0.81603754 

0.73120260 

-0.09942029 

RAO I US 3 

-0.20689070 

-0.45059624 

-0.50030207 

-0.29347704 

-0. 10759213 

-0.20664792 

LAT 3 

n. 14375847 

0.31161956 

0.34727539 

0*20470684 

0,07721514 

0,20333535 



LONG 3 n. 86880400 0.57956033 -0*051426*4 0*7*623421 0.76110252 

ignore parameters 

— NONE 


SOLVE-FOR PARAMETERS 
NO SOLVE-FOR PARAMETERS 



POSITION 

eigenvalues 

SQUARE ROOTS OF EIGENVALUES 


1 

' 0. 169744794616 ^0*0? 

1 0.41200096460*01 


2 

0*44994836818840-01 

2 0.21211986430*00 


3 

0,13099837971320*03 

3 0.11445452360*02 


POSITION 

eigenvectors 



1 

0. 929 i 82 02P2 0680*00 

0.33235806443450*00 -0 . 16173705080950*00 


2 

-0. 350059214394^0*00 

0.931 75297234 06D* 00 -0,96410294843100-01 


3 

0.11865623904390*00 

0.14620025834360*00 0 .9821131 2049260*00 


VELOCITY 

EIGENVALUES 

SQUARE ROOTS OF EIGENVALUES 

CP 

1 

0.29392287205630-10 

1 0.5421465411D-05 


? 

0.68866345 0481^0- 12 

2 U. 82985748810-06 

U1 

3 

0. 173459329353^0-09 

• 3 0.13170395950-04 


VELOCITY 

eigenvectors 



1 

0.867596 628402 00 *00 

0.44445500?1853U*00 -0 .2230161 2870 100*0 0 


2 

-0.454720O61B686D+00 

0.89061461187710*00 0.59395660737240-02 


3 

0.20126129275770*00 

0.96256761546630-01 0.9747966^976760*00 


STATE TRANSITION MATRIX PARTITIONS OVpRf 0.500# 5. 0 0 0 ) 


— TRANSPOSES shown 


x< 

0.500) 

Yf 

0.500) 

?( 

0.500) 

VX< 

0.5001 

VY < 

0.500) 

VZ( 

0,500) 


X< 5.000) 
-0.33946142710*00 
-0. 13095501430*01 
0.2540*855420*00 
0.32416504890*06 
-0.7465?62217D*05 
0.10673072300*05 


Y < 5.000) 

-0.1 1373679620*01 
0.53983243730*01 
- 0 . 11 * 51870570 *01 
-0*69949630570*05 
0.57374187080*06 
-0.39744353210*05 


7 f 5.000) 
0.181291251 70*00 
-0*97791 281 54 U+00 
-0.425B6677370*00 
0*93126206390*04 
-0.37174617720*05 
0. 30986053990*06 


VX( 5 * o 0 0 ) 
-U.346179725QD-05 
-U. 55951649530-05 
U. 10280130400-05 
0. 73758 66755D* 00 
-0.39127599130*00 
0. 51780110270-01 


VY ( 5 • OoO ) 

-0.39871350430-05 
0.1637276532^-04 - 
-0.38669378650-05 - 
-0.35591299980*00 
0 . 1 8948456660 ♦ 0 1 - 
-0*1 726463 64 0n+00 


SOLVE-FOR PARAMETERS 


—NONE 


dynamic CONSIDER PARAMETERS 


--NONE 

IGNORE PARAMETERS 


-0.0948498? 


V7< 5.0D0) 

0 *56335656200-0 6 
0 *29P9 1 4 02280-05 
0,39840696370-05 
0.41532376850-01 
0.15325061130*00 
0.64699738950*00 
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--NONF 


* ASSii^Fn duIDANCE EVENT » 


D I AGONAL OF DYNAMIC nOTSE MATRIX 

0*0 fl.O 0,0 0.0 0.0 0.0 

MAIN!* 1 - priI«H#PHt (TRANSPOSE) 

0. 77*63n0?787.3D*O6 -0, 33954948495.30*06 O • 35324.32? 1 6 1 40 * 05 0 . 1 8354 754 744bD ♦ 0 i -0 , 1 4 \ 204040239D* 0 1 0 * 14837 1 06631 60*00 

“Oe- 3395494849530*05 0 e 8H?30 39 0 2*5 1 CJ *06 Oo 1 056b 33 0 9S82D* 06 -0 , 1 0751565341 bp*0 1 0 . 28B449304954D* 0 1 0 , 959792863*050-0 1 

0. 353243?? 16 140*05 O.IO565330 950?D*O*. 0 „ 61 387* 1 904650*06 0 , 609 1 02*895b7D-0 1 0. 250 348B5290 10*00 0 . 1 ?5 r7 ] 6970150 + 0 1 

0.1835475474450+01 -0.10751 58534 1 5D+0 1 U.609] 026*95570-01 0 . 4*445678 1 1 00D-05 -0 , 4? \ *59252*3 0D-O5 0*3387199*05980-06 

•0.141 2 0404 02390+0 ] 0 . ?M04*93O4954 D + n i 0 , 250 34885290 1 D* 00 • 0 . 4? 1 *592524300-05 0.9879519761370-05 0.920*5426590 10-07 

0.1 4*371 06631 60 *00 « . 959792863*0*0-0 1 0 . 1 25* 7 1 69 7 o 1 *0 + 0 1 0 . 3307 199* 059bD-06 0 . 920*5426590 1 D-07 0.25994*90*6580-05 

TOTAL COVARIANCE matrix at K>1 

0.7766 30*2 78 730*06 -0 . 3 39**948495 3D* 06 0 . 353243? M614D + 05 0.19354 75474450*01 -0 . 1 4 1 ? 04 04 0 2390* 0 I 0.1463710663160*00 

-0.33954Q4*«*9530*06 0 . *52303902*5 I 0* 06 0 . 1 066533 095*20+06 -0 . 1 0 75 1 58534 1 bo* 0 1 0.2884493049540*01 0.969792*638050-01 

0. 35324322 161*0*05 0.1056533095820*06 0.6138781904650*06 0.609] 026895b70-01 0 . 250 34885 ?90 1 0* 00 0 . 1 258716970 150* 01 

0.1835476474460*01 -0 . 1 07S 15B534 1 bD* 0 1 0.6091026895570-01 0.4444567811000-05 -0 . 42 l 8592524300-06 0*3387199805980-06 
•0. 1M?04040?390*01 0,?8«4 4930 49640*0! U . 25034886290 1 0* 0 0 -0.4218592524300-06 0.9079519761370-05 0.9206542659010-07 
0.1 483710663160*00 0 0 9597928638 OSD-0 1 0.1256716970150*01 0,3387199805900-06 0 . 92085426090 1 D-0 7 0*2599469086580-05 

CONTROL CORRELATION *ATWlv PARTITIONS A NO ST AND APn DEVIATIONS JUST riEFORL GUIDANCE COrRFCTIOn AT TIME 5.0000000 DAYS 



STD DRV 

K 

Y 

7 

VX 

VY 

VZ 

X 

0. 6*12666 0n*03 

loOnouooon 






Y 

0.923203070*03 

-0.41 7 J4B] « 

1.00000000 





7 

0.783503790*03 

0 .081 15940 

0.14606453 

1.00000X100 




VX 

0.210821440-02 

0.987*3075 

-0.55240*69 

0,03607522 

1.00000000 



VY 

0,314317 030-02 

-0.50976721 

0,994041 10 

0. 101656B4 

•0.63662677 

l.ooooonoo 


V 7 

Oo 161 22931 0-0? 

0. 1 0 442 34? 

0.06448167 

0,99642126 

0,09965109 

0,01817101 

l .nnoooooo 


RSS POSITION FURORS. . . r>. 149760?3 qo89D*04 
MSS VELOCITY ERRORS. . . 0.4113827495040-02 


SOLVE-FDR PARAMETERS 
—NONE 

DYNAMIC CONSIDER PARAMETERS 
--NONE 


MEASUREMENT CONSIDFR PaRaMETFRS 


RADIUS 1 

-0.00 Ub6 350 

-0,00076079 

-0.00519340 

-0,00054715 

-0.00041195 

-0.00405*41 

LAT 1 

-0.00037429 

-0,00050293 

-0,00344624 

-0 o 0 0 0 36397 

•0 . 00027151 

-0,00269303 

long 1 

0,00039500 

0.00012508 

-v. 00033333 

0.0001*513 

0.00007187 

•0,00026422 

Radius ? 

0,00023414 

0.00008368 

-0.00013275 

0.00D1R071 

0.00012909 

0,000*6624 

LAT 2 

0,00019639 

0.00007899 

0. 00000U43 

0.00015761 

0.00009988 

0.00038**7 

LDNG 2 

0 .000b5474 

0,00022132 

0.00077540 

0.00034342 

0.00008211 

0,00053016 

RADIUS 3 

0.0 

o.n 

0.0 

0.0 

0.0 

0.0 

LAT 3 

o.n 

0.0 

0.0 

0.0 

0.0 

0.0 

LONG 3 

n , 0OU44-9P8 

0, 000164U8 

0.00020940 

0 *00025037 

0.00007294 

0,00012597 



NO SOLVE-FOR PARAMETERS 


POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUES 


1 0.42273239582430+06 

2 0.1l6l0l70934/OD*07 

3 0,650263431 930+ Oft 


1 0.65017874140*03 

2 0,10770761960*04 

3 0,811334352^0*03 


POSITION EIGENVECTORS 

1 O,6304O9S9P3414D*OO 
?. “0,65245573320600*00 
3 0,408331*0660400*00 


0,61 760043B3722D + 00 
0,750833RB69740D*00 
0,23413280994770*00 


-0.459350S015433D+00 
0*1027131 46 0830D+00 
0,8022965070506(0*00 


VELOCITY eigenvalues SQUARE ROOTS OF eigenvalues 


1 0,l96ll2?6Q5ft2OD-0S 

2 0*l2lQ08??o917t>o-n4 

3 O,278l63l87lS72D-0S 


1 0*14004009050-02 

2 0.349010345UO-02 

3 0.16678224940-02 


VELOCITY EIGENVECTORS 

1 0 . 775761607290 ^ 0*00 

2 - 0 * 47901818402740+00 

3 0.4 1077427867930*00 


0,4187 82 9 19670 70*00 
0,877763940973^0*00 
0,2327047ft07?36D*00 


-0,47203262052320*00 

-0.84981674485620-02 

0,88154012178230*00 


Cp 

i 


STATf TRANSITION MATRIX PARTITIONS OVrQ< 5,000* ll&.OOCl —TRANSPOSES SHOWN 

VYU18.000) 
0,19612512390-04 
0,56170249540-04 
0.39408405210-05 
0,231 084407 5[> *02 
0*40158444030*02 
0*69204092770*00 

SOLVE -FOR PARAMETERS 

—none 

DYNAMIC CONSIDER PARAMETERS 
--NONE 

IGNORE PARAMETERS 

— NONF 

(VARIATION MATRIX HAS BEEN COMPUTED AND PUNCHED ) 


X( 
Y ( 
7( 
VX( 
VY ( 
V7( 


X(llB*apO> Y (118,000) 

5,000 > 0*77927867760*02 -0 ,703855449gn*0 1 

b.OOO) -0*23165572710*03 0 . 1 ^36735070*0? 

5.000) 0.16294153520*02 -H , 1 3->5506073n + 0 1 

5.000) 0.97017330260*08 -0*83076299160*07 

5.000) -0.16361413020*09 0 , J 2884292200* 08 

5.000) 0*27321 894R3n*07 -n . 1 7383529270*05 


2(118.000) 
-0.31 68910 1 66D + 0 1 
0.91997895180*01 
-0*6301 1 04144 [) *00 
-*9*38274645710 + 07 
0.64532618860+07 
-0.14125122190+07 


VXf 118, onO) 
0,35270117620-04 
“0.10537720900-03 
0.74255959980-05 
0.43897/69400*02 
-0,74525154650*02 
0. 1 248l67067n*nl 


variation matrix 

0 *77413063910+0? 
-0.. 16426426690*01 
0,0 


-0.2302864] 4 1 D ♦ 0 3 
0.5044} 19770D + 0 1 
0.0 


0.1619411761D+02 
-0 ■ 329 1 690563D+ 0 0 
0.0 


0* 963973706 3U *08 
-0 * 19 7765443 ID* 07 
0*0 


-0*16283872410*09 
0 « 3498003364D* o7 
0*0 


VZ ( 1 18*000) 
-0.8046710*92D-06 
0.24355344980-05 
0*60338031770-06 
-0*10036403410+01 
0.16769295450*01 
-0. 53464745820*00 


0*27182143380*07 

-0.13572566340+07 

0*0 


TARGET CONOITIOn CORRELATION m/jTQM AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRECTION 



n .907*??i>779D + 06 0 * 1 0 0 n n 0 o o n On * o 1 -0 .99444366710*00 

0. 19567791230*05 -0.99444365710*00 0*1000000n000*0l 

FT 6 F,NVALME 9 OF Afinvr mATRi* SQUARE ROOTS OF EIGENVALUES 

1 0.82361291760*12 1 0.90753122130*06 

? n . 4 ? 4 l ? 582 ino * o 7 ? 0 . 2059431 b 26 Q + 04 


F. TOfMVFCTORS OF AfiOVF MATRIX 

1 0 * 999?7 0 096 7H* 0 V -0.21441869590-01 

2 o.?144lB69sqn-0l 0 *99977009670*00 


GUIDANCE matrix — VaRtarLF Tl*F OF ARRIVAL GUIDANCE POLICY 
-□*20874745680-06 0.frl*Uftl»9S4P-06 -0 . 449 *7208250-07 

0*351R33«Ol^n.o t -0,] 0469?* A? 70-0^ 0.73*09365130-07 

0.66567 1 1 751 P-09 0 * 1 1 885 1 9?5bU- v, 0 « 11 6 027 10-07 


-0.263n783171U*00 
0 *4371 2504740+ 00 
0.52818644010-01 


0.437125O474D+00 

-0*74070744360+00 

0*31330800690-01 


VFLOCITY CORRFCTt' 
0.243894267 iP-0" 

0 * 4 l ? A 8 o «- « . 

0* i ■*P.6?4216Hn-0? 


rURRFLAlTOM M4TR1X AND STANDARD DEVIATIONS 


o . loooooovoon+oi 

-0 , 9qRQ 24 22540* 00 
O.SSP4R0749BD-O1 


-0.9989242254(1 + 00 
0.1 0000000000 + Q 1 
-0. 10208873550+00 


0.55848874900-01 

“ 0 * 102088735 ^ 0*00 

0 . 10000000000*01 


0. 52818644010-01 
0*31330809690-01 
-0.99621423930*00 



DELTA-VEE STATISTICS 


EIGENVALUES of s 

0*229924070-04 

KM2/SEC2 0 * 250271 240 

-05 KM2/SEC? 

TRACE OF $ 

0.254951 20D-0 4 

KM2/SEC2 


SQUARE root of trace — 

0.50492692D-O? 

KM/SEC 


EIGFNVALUE ratios 

1.00000000 

0.10084952 

0.0 

eigenvectors oe s 

0.05 04414 3 D*on 

0. 509207770+00 

0,615285360-01 

(TRANSPOSE) 

-O.5O011420D+OO 

0.860639050*00 

-0. 334503750-01 


-O.699071OOD-O1 

-0 • 254034 05D-0 ? 

0,qQ754464D*00 

MEAN 

0. 42528 0450-0? 

KM/SEC 


STANDARD DEVIATION — 

0.27219063D-0? 

km/sec 


OELTA-VEE (90) = 

O.0OS77619D-O? 

KM/SEC 


DELTA-VEE (99) * 

0.12459726D-01 

KM/SEC 


DELTA— VEE (99.9) = 

0.1 58 63 3 64 D- 01 

km/sec 


DELTA-VEE(99,99) = 

0.1072707 10-0 1 

km/sec 



KM2/SEC2 


CD 

VjJ 

>o 


EXPECTED VALUE OE VELOCITY CORPECTlOM 

-U. 2 1609106950-02 0 . 366 0 1 S ■> 0 1 00- 0 2 -0 . ) 4P2579 0290*0 3 


SlGPROs 0*1000000000 D- 03 SIGRES« 0 ♦ 1 0 0 0 0 0 0 0 0 00-09 

SIGALP= 0*34300000000-03 SlGBfT= U . 34 30 0 0 0 0 0 OD-03 


EXECUTION error CORRELATION MATRIX and STANDARD DEVIATIONS 


0.71377431130-04 

0*54975625270-04 

0.76732527600-04 


a . l annnnouooo* 0 l 

0.470444^4850*00 

-0,1 ?9qQ9«455O-01 


0,47064454350*00 

0.10000000000*01 

0.?856665b960-01 


-0.12989984550-01 
0. 20566656960-01 
O.lOOOOOOQOOD+Ol 


1 

2 

3 


EIGENVALUE 5 
0.6203^166757460-0 A 
0.19086345993430-0 g 

0*62036166757460-00 


SQUARE ROOTS OF EIGENVALUES 

1 0.78763041310-04 
? 0.43687922810-04 
3 0.7R76304131D-04 


EIGENVECTORS 

1 O.P6l26lR4016G6D*nO n , 5 0 fl 0 266 3 6**? 1 bU* 0 0 
? -O.SOeU4?613SU9o + nn 0.06063984090940*00 
3 -0.69? 14 1*3077200-0? 0 . 34 756 1 09609080-0 1 


-0, 117O3??90319OD-O1 
-0 . 33450 3745 3496D-0 X 
0 .999371 A56 145 10* 00 


CONTROL (AND KNOWLEDGE) CORRELATION MATRIX PARTITIONS and STaNDaRO DEVIATIONS JUST AFTEP GUIDANCE CORRECTION flT TIME 5.000 HAYS 



STD DEV 

A 

Y 

7 

VX 

VY 

V7 

X 

0.41804] 1 4D ♦ 0 0 

l ,00000000 






Y 

0. 2?683722n* 0 0 

0.03862829 

1.00000000 





7 

0*1 24918780*0 1 

0.30236381 

0.70434079 

1.00000000 




VX 

0. 713800269-04 

0, 0080776? 

0.00753035 

0.00413672 

1 .00000000 



VY 

0*549766760-04 

0.00524697 

0.00475393 

0.00280342 

0.47066577 

1 .00000000 


vz 

0*7076020 ID- 04 

0.00620477 

0,01197553 

0.02218609 

-0. O1280T03 

0,02864086 

1,00000000 


R5S POSITION ERRORS. . . 0. 1 336668860?2D*0 l 
RSS VELOCITY ERRORS. . . fW 1196691 778940-^3 



B -40 


SOUfF-FO* PARAMETERS 


--NONE 

DYNAMIC CONSIDER PARAMETERS 
--NONE 


measurement consiofP parameters 


RADIUS 1 


-0 . 1 3*98400 

-0*42961397 

-0.59123152 

*0. 00735912 

-0.00156755 

-0,01266206 

LAT 

1 


-0. 126*2380 

-0 * *9749506 

-V. 40806*83 

-0.00163699 

-0,00108542 

-0.00859256 

LONG 

1 


0.90002480 

0*60934337 

— 0 . 044 81886 

0.0044*137 

0.00457981 

-0. 00112670 

RADIUS 7 


-O.167o?2?s 

-0*41506659 

-0.50544319 

-0.00203312 

-0.00132156 

-0,00909113 

LAT 

7 


-0.11795300 

-0*?9?91494 

-0.36063695 

-0.0013*727 

-0.00091595 

-0.00653867 

long 

2 


O.B«596061 

0 *56289546 

-0.04454567 

0 • 0061*749 

0 .00375336 

-0.00162779 

RADIUS 3 


-0. 20lUf>3f>5 

-0 *4312942* 

-0,45098513 

-0 • 0 0???5?5 

-0. 00055214 

-0.00669323 

LAT 

3 


0. 13970370 

9 . 29*27067 

0.31304245 

0.00155277 

0.00039625 

0.00332917 

long 

3 


n , 84433425 

0,55473400 

-0.04635740 

0.00596150 

0.00390579 

-0.00155296 


NO 

SOLVE -FOR PARAMpTFRS 








POSITION 

EIGENVALUES 

SQUARE ROOTS OF 

EIGENVALUES 






1 

0.177Gl694fl*7HiD400 

1 

0.4213276028D»00 






? 

0,3267?0l 7l96blD-0? 

2 

0.57159441390-01 






3 

0. 16 05^99491 ?t> 60 + 01 

3 

0. 12672408970*01 






POSITION 

E IGFNvt rTORS 








1 

0 .42 7626457660 0D+ 00 

0 .33984884 4747 2D* 00 -0. 

154957 T9 35 21 7n*00 



2 -0, 3550S2n7S 1*2*0+00 0 , 93)1 ?*30S230 70+ 00 -0 . 8333997927527D-0 1 

3 0, ] 159-sl ^75 J 5b 10* 00 0 # 1 323264Ss9Q60D+OU 0 .98439957*46460* 0 0 


VELOCITY EIGENVAJ.UFS SQUARE ROOTS OF EIGENVALUES 

1 0.62n397?0474ilD-OP 1 0 • 78 765?97230- 0 4 

2 0. 19nft<SS?l 4 ] 4S4D-0P ? C> ♦ 43688 1 235 /O- 0 4 

3 0«*<'OBOB794PPMD-Ofl 3 0 • 7* 79 1 420530- 04 


VFlOClTY EIGENVECTORS 

1 n.*52U l5*43fi3l9D*on 0 * 4965705393S62D ♦ 0 0 ~0 , 16S792«,eo3364D*0 0 
? -n, 50 8 105*4*47820* DO O.*6O6455?5 oOq4Li + 0Q -0 . 334325 00723230-0 1 
3 0. I260P71 *7494 /Q* 00 n,ll?7252399635n*0D 0 .98559375 76 1 1*11*00 


TARGET CONDITION CORRELATION maTRIa AND STANDARD DEVIATION'S AFTER GUIDANCE CORRECTION 
0. N?71 461 14 2D *04 O.10A0OQOUO0D401 -0 .*6151 8A26AO*»1fl 

0*201 94424* 3D* 03 -0 . 86 1 5 1 H826GD+0 0 0 , 1 0000 0 0 000D + V 1 

ftGENVALHES CF a Bo vr mAIRJx SQUARE ROOTS OF EIGENVALUES 

1 0,6*447342*90+08 ) 0.*?73290922D*04 

2 n* ] 05Q*2l 6**n+n5 ? 0 . 1 02509*93 1 0*03 


EIGENVECTORS OF ABOVE MATRIX 

1 n. 9*97 7*79*911 + 0” -0 . 21 032197P5D-0 1 

? 0.2)032197*50-01 0.990/7*79*90+00 


«* »»««« * c * ***» »«««» * * »«« # +MJ- **** 0 <H» «* <H» »*«««* ***** »* * * * * **** ********** * «*«*«******«» *** ***** tt« *»*« ************* * »** 



It?- 8 


ACTUAL GUIDANCE EVENT 


MATRIX 1 =5 PHI*P*PHI 
0. 77***77063610*06 

-0.3395000359500*06 
0.35591]705202D*05 
O.183b5079544QD+Ol 
-0.141 1955369950*01 

0.140*079099970*00 


TRANSPOSE > 

-0. ?39«>000 3595 00*06 
0 . 8523600966650*06 
0. 105o775 059870*06 
-0. 107^051046230*01 
0.28 64 59 1974720*01 
0. 9650136727670-01 


0.3559117052020*05 

0.1059775059870*06 

0.615699967R410*Q6 

0.615264B96926D-01 

0.2500862120840*00 

0.1261907146340*01 


0,1035567954400*01 

-0.1075051048230*01 

0.6152648969260-01 

0.4444802385550-05 

-0.4216409324190-05 

0.3397223080620-06 


TOTAL covariance 

0.7766877063610 
-0.3395000359500 
0.35S9U7052020 
0.1835587954400 
-0.141 1955369950 
0. 14P807909997D 

0.0 


MATRIX AT K*1 
♦06 -0.339500035950D*06 
06 0,0523600966850*06 

05 0. 1059775 059871) *06 

♦01 -0, 107505104823D+01 
01 0.2884591974720*01 

00 0.9650136727670-01 

ACTUAL DYNAMIC NOISE SECOND MOMENT MATRIX DI 
0.0 0.0 


0*35591 17o 5?0?D+05 
0. 1059775059870+06 
0.6168999678410*06 
0.615?648969?6D-Q1 
O*25OR062l2O04U*OO 
0.1261907146340*0] 


0.1835507954400*01 

-0,1075051040230*01 

0.6152648969260-01 

0.4444002385550-05 

-0.4218409324190-05 

0.3397223000620-06 

AGONAL 

0.0 


-0. 14n 955369950*01 
0.2084591974720*01 
0*2508862120840*00 
-0.4218409324190-05 
0.9079709266700-05 
0.9290284561600-07 


-0.14n95536995D*0l 

0.2804591974720*01 

0.2500062120840*0(1 

-0,4210409324190-05 

0.9879709266780-05 

0.9290204561000-07 


0.0 


0.1480079099970*00 
0.9650136727670-01 
0.1261907146340*01 
0. 3397223080620-06 
0.9290284561000-07 
0.2604611935340-05 


0.1400079099970*00 
0.9650136727670-01 
0.1261907146340*01 
0. 3397223080620-06 
0*9298204561800-07 
0.2604611935340-05 


0.0 


ACTUAL DEVIATION MEANS 


X 

o.o 

Y 

n.o 

Z 

0.0 

vx 

0.0 

VY 

0.0 

vz 

0.0 


ACTUAL 

control correlation 

matrix partitions 

AND STANDARD 

DEVIATIONS JUST 

BEFORE GUIDANCE 

correction 



STD DEV 

X 

Y 

1 

VX 

VY 

VZ 

X 

O.00129fl07n*O3 

1 .ooOuoooo 






Y 

0.92323350n*03 

417*5837 

l.nooooooo 





7 

0.704792959*03 

0.05l 4 5931 

0.14626723 

1.00000000 




vx 

0.?l0fl2700r-n? 

0.98792905 

-0.55232068 

0.037186)2 

l. oooooooo 



VY 

n,31432O05f>-02 

-0.50971295 

0.09403289 

0.10170671 

-0.63657621 

1.00000000 


V7 

0 . 1613081 0n-02 

0.1 0*82399 

0.06476650 

0 . 99632447 

U. 00904500 

0.01832906 

uoooooooo 

SOlVE-FOR PARAMETERS 







— NONE 








DYNAMIC 

consider parameters 







—NONE 








MEASUREMENT CDNSIDER PaRaMFTFRs 






RADIUS 1 


-f). oobb'3479 

-O.0O7bO7b6 

-0, 05184067 . 

-U. 00547133 

-0.00^11 949 

-0.04054420 

LAT 1 


-n.Of>J74270 

-0.00502912 

-0.03440577 

-0.00363959 

-0.002^1510 

-0.02690303 

LONG 1 


0.00-394982 

0,001 26076 

-0.0033**79 

0.001*5127 

0.00071073 

-O .0026396* 

RADIUS 2 


0. 00234133 

0.00003670 

-0.00132535 

0.00160703 

0.001290B5 

0,00465705 

lat ? 


0 . nnl96305 

0.00070903 

0.00000430 

0 • 00 1 57606 

0,00099079 

0.00308400 

LONG ? 


0.005^4724 

0.00221305 

0.00774122 

0.00343408 

0.00082114 

0.00529636 

Radius 3 


0.0 

0.0 

0.0 

0.0 

0.0 

0,0 



LAT 3 


0,0 


0,0 


0,0 


0,0 


0.0 


n„r> 


LONG 1 


0 , 00 * 49*61 


0,00164077 0.00209057 O,OO?5O350 


0 ,000729*1 


ignore parameters 

“-NONE 


SOLVE-FOR PARAMETERS 
NO SOLVE-FOR PARAMETERS 


POSITION eigenvalues 

1 0.42?900R3R44l^D*06 
Z o, U61R602S53040 + 07 
3 0,660 i 86*771 40*0+0* 


SQUARF ROOTS OF EIGENVALUES 

1 0.65030834110*03 

2 0.10778963170*04 

3 0,61251866260*03 


POSITION EIGENVECTORS 

1 0„6392S50f)n50l*0*00 

2 -0,65231130029770*00 

3 0.407238?74033UD*00 


O.M821OO)70O32D*OO 

O.75O80B1B1136OD+OO 

0. 2323*309397530*00 


-0. 4573504 326P30D+OO 
O,1O323??959042D*OO 
0,88327440517920*00 


co 

h 


VELOCITY EIGENVALUES 

1 0.19614660102700-05 

2 0.12180663016570-04 

3 0.27867937*00200-05 


SOUARF ROOTS OF EIGENVALUES 

1 0. 14005237630-02 

2 0.34901093130-02 

3 Q.166936927OD-02 


VFLOCITY EIGENVECTORS 

1 0.7763799064064D+00 

2 -0.479011423413/0+00 

3 0.40961237420520+00 


0. 41914035780680+00 
0.07776779994070+00 
0.23204536161050+00 


-0,47069693156640+00 

-0,64702790091690-02 

0.88225430176760+00 


ACTUAL TARGET STATE fiEVI AT 10*' MEANS 

0,0 0.0 


ACTUAL TARGET CONDITION COHRFLATlON MATRIX AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRECTION 
0,907324040+06 I.000U0000 

0.195679320*05 -0.99443311 1.00000000 

EIGENVALUES souare roots of eigenvalues 

1 0. 02361555013170+12 1 0.9075326766D+06 

2 0.424934792922/0+07 2 0.20613946560*04 


EIGENVECTORS 

1 0.99977009098940+00 -0 .21 44 1 76221286D-01 

2 0.214417622)2600-01 0.999771)09698940*00 


actual velocity correction SECONO moment matrix 

0.59484996050-05 -0 . 1 0U5425357O-04 0 .2155977420D-O6 

-0.10054253570-04 0, 17V3055894D-04 -0.66806755010-06 

0.2155977428D-06 -0, 66806755010-06 0.25208978860-05 


0.00125A45 



DELTA-VEE STATISTICS 


EIGENVALUES of s 

0.22992469D-04 

KM2/SEC2 0*2^0748730 

-05 KM2/5EC2 

TRACE OF S 

0*254999570-04 

KM2/SEC2 


SQUARE root OF TRaCE — 

0.50497482D-0? 

KM/SEC 


figenvaluf ratios 

1*000 0 0 0 0 0 

0. 10905690 

0.0 

eigenvectors of s 

0*8584^1430+00 

0*50920 7770*00 

0.61528536D-01 

(TRANSPOSE) 

-O.Sgfll 1520D+00 

0. 860639820+00 

”0 • 33*372970-01 


-0.699R043QD-OI 

-0.25s962?«D-02 

0*997545080+00 

MEAN - — 

0.425341840-0? 

KM/SEC 


STANOARD OFVIATION — 

0 *272) 8355D-0? 

KM/SEC 


DELTA-VEE (90) » 

0.805A1298D-0? 

KM/SEC 


DELT A* VEE ( 99 ) a 

0*124599770-01 

KM/SEC 


DELTA-VFE(99.9) = 

0 , 158635750-01 

KM/SEC 


DELTA-VEE (99*99) = 

0*187280640-01 

KM/SEC 



km?/sec2 


CO 

4k 


ACTUAL STATISTICAL DFLTa-V 

-0.21612265320-02 0 *3660*61?? 00-0? 

ACTUAL EXECUTION EHRnK mrAn* 

u.O u.o 


-n*]4?2?2fll6in-G3 


0*0 


ACTUAL EXECUTION ERROR CORRELATION MATRIX ANO ST&NPAR0 DEVIATIONS 
0*71387654n-04 l.OOOUQOOO 

0.54983369(1-04 0 .47855082 1 *00000000 

0.7R743917O-04 -0*01298503 0.02855577 l.OOOOQOOO 


*«****«»*****««*»»*««**»&»»«*»»»« ******** <•«»«»«(><»«»•<»*•• »*«**»*##***0(H>*<HHMH»«**4>*e<MMt***»****0***0«**0*e»Oa«<HHH>0»05o00O 


MFANS OF 
0*0 

ACTUAL 

DEVIATIONS 

0*0 

n* o 

0*0 

n.o 

0.0 

MEANS OF 
0.0 

ACTUAL 

ESTIMATION ERROR* 
0*0 

0*0 

0*0 

0*0 

0.0 


ACTUAL CONTROL (AND KNOWLEOGEI CORRELATION MATRIX PARTITIONS AND ST ANDAPD DEVIATIONS 
JUST AFTER GUtUANCE CORRECTION AT TIME 5.000 DATS 



STO OEV 

X 

Y 

7 

VX 

VY 

vz 

X 

0*40626707n*0I 

l.noooooon 






Y 

0*2171 203ln*01 

0. 85024437 

1.00000000 





1 

0*11 2604^10*02 

D. 27796601 

0.73185331 

1*00000000 




vx 

0 *7l592526n-04 

n * 07399420 

0*07084876 

0*03471806 

1 * oonooooo 



VY 

0.550557030-04 

0*04734712 

0.04411131 

0*01838235 

0.48031128 

1.00000000 


V2 

0.79792B08n-04 

0.03602300 

0.107603*6 

0*15583545 

-0.00781635 

0.03118593 

1*00000000 



SOLVE-FOR PARAMETERS 
—NONE 

DYNAMIC CONSIDER PARAMETERS 



--NONE 


MEASUREMENT CONSIDER PARAMETERS 


RADIUS 1 

-O*, 1903*513 

“O.44S04OI3 

LAT 1 

»0„1300B?70 

~O o 3lO0O9O4 

LONG ? 

*„9? 67259? 

0 o 6366 1 367 

RADIUS 2 

<=.0.17268593 

~0 o 43364230 

LAT ? 

•=n<,l21J714l 

-0 o 30602393 

long ? 

0,91163675 

00^8608705 

RADIUS 3 

~o„?o6ego70 

“0.45059624 

LAT 3 

n . 1*3752*7 

0,31161956 

LONG 3 

0,06800*00 

0 o 579560 33 


-0 o65588599 

^0,02352118 

-0.01565300 

-0.12300767 

«0o 4526901 1 


"0 o 0 50G3S62 

-0.0840136* 

■^0 o 04971903 

Oo 06462130 

0.0*573237 

“0.01112117 

«0„560?i&23 

ra 0, 02027005 

-o,oi3i©a&i 

“O.OR973480 

400074&1 

“0.01303154 

-0.0091*633 

-0.06453B5* 

i ™0 d 0494 1699 

0*06169118 

0.03746969 

-0.01606723 

”0» 50030207 

“Q.O2M0641 

”0 „ 005513** 

-0.0*632*99 

Oc. 34727539 

0 g 01540157 

0,00395681 

0.03286090 

-0.05142604 

0 o 05943809 

0,03900188 

-0.01532963 


IGNORE PARAMETERS 
—none 


& 


SO(_ VE-F OR PARAMETERS 
NO SOLVE-FOR PARAMETFR5 


POSITION EIGENVALUES square roots of eigenvalues 


1 0. 1 6974479401 67 D*Q 2 

2 0**4994ai6*l*a4|}-01 

3 0.13099817971320+03 


1 0.41200096460+01 

2 0,2121I9B6*3D*0n 

3 0.1144545236D+02 


POSITION EIGENVECTORS 

1 0. 929)8202920680+00 

2 «0.3S0OS9?iA3g47D+n0 

3 O.li0656?3ft0430D+OO 


0.3323580644345D+00 

0.9317529723406D+00 

0.14620025334360+00 


-0,16173705000950+00 
-0.96410294843100-01 
0,9021131 2049260+ 0 0 


VELOCITY EIGENVALUES SQUARE ROOTS OF EIGENVALUES 


1 0.623472610234^0-08 

2 0 o 191Q36R689S3*0«, 0 8 

3 0.637841 79472 76D-08 


1 O#7896O?610OO-O4 
? 0*43707764640-04 
3 0.79864996260-04 


VELOCITY EIGENVECTORS 

1 0.843569S7631610+00 

2 -O.5O74?0?c;QO759o>of> 

3 OplT565929"R907D*on 


0.48902214378440+00 
0,8610865471 1460*00 
0.13923820951430+00 


-0,22191025702600+00 

-0,31555901801630-01 

0,97455451909820+00 


ACTUAL TARGET STATE DEVIATION MEANS 

0.0 0,0 

ACTUAL TARGET CONDITION CORRELATION MATRIX AND STANDARD DEVIATIONS AFTER GUIDANCE CORRECTION 
E<nT*U> 0.8?743692n*V4 I. 00000000 

E<OTaU> 0 . 2H2620 16n+03 -0*05886085 1*00000000 



St?- a 


EIGENVALUFS square roots of EIGENVALUES 

1 0.6849547366025D+0B l 0.82761992260*04 

2 0.1076632798308D*05 2 0 * 10376091 740*03 


FT6ENVECT0RS 

1 0.999778A414939D*00 -0 .21 030 171 2 1 0930-0 1 

2 0.210301712109JD-01 0.99977884149390*00 
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MEASUREMENT NO 6 0 AT TRAJFCT0R7 TIME U2.400 PROBLEM. „ 118 

RANGE-RATE WAS MEASURED FROM STATIC ^ AT TRAJECTORY TIME 112.40000 DAYS 

INITIAL TRAJECTORY time 112. poo 

final TRAJECTORY time 112.400 

INITIAL 


AT 

TRAJECTORY time 

112.2000 






state 

X-COMP 

Y-COMP Z-COMP 

RAO I US 

X-OOT 

Y-nOT 

Z-DOT 

VFLOCITY 

inertial 

HELTO- 

ROT.GEO- 

einal 

AT 

0. 1218485n+07 
0 0 1 2 I4477D* 0 9 
0*14188560*07 

TRAJECTORY TIME 

0,7366^420*06 -0.18180240+05 
0.87992680*08 -0 0 1 93 1 3 1 7D+ 06 
-0.11947060 + 06 -0 c 181 00240 + 05 

112+4000 

0. J 42399 30+07 
0,14997420*09 
0.14239930*07 

-0.18919287 
-18.16596535 
0. 13200367 

0.62646992 

24.51664452 

0.25090444 

0.03573*50 

0.03561769 

0,03573156 

0,56057258 

30.51503837 

0.28575296 

STATE 

X-CQ M P 

Y-COMP k Z-COmP 

RADIUS 

X-DOF 

Y-OOT 

Z-DOT 

velocity 

INERTIAL 
HELIO- 
ROT. GEO- 

0,12 152040*07 
0.1?ll33in*09 
0.14211480*07 - 

0*74578670 + 06 - 0 . 1 756P23D+ 05 
0,60415830*08 -0.18679620+05 
-0*11514070+06 -0« 17562230+05 

0.14259130+07 

0,14996860+09 

0.14259130+07 

-0.19058900 

•18,25085826 

0.13328469 

0,62590137 

24.45713527 

0,25022979 

0.03579170 
0 , 03670087 
0.035706*7 

0.56051536 

30.51633400 

0,26576289 


STATE TRANSITION MATRIX PART I T I QMS OVFR< U2.20Q* il?,400> —TRANSPOSES SHOWN 

X fit?. 400] Y ( 1 1 2*400 > Z (112.400) VX ( 112.400) VYrll2.4oO) VZU12.400) 

0*1000a30649D*01 0.36 ^2372470-04 -0 . 7543 1 30 T7BD-06 0 . 35 1 692897 on-0 8 0.41819098050-0 8 -0 o 77*46255740- 1 0 

0 . 3590877)680-04 0.9999965 0 640*0 0 - 0 . 424456629BD-0G 0 , 4 1 8 1 67 72270- Oft -0.42785539000-09 -0.47314635720-10 

-0.6856425898D-06 -0.43201089280-06 0.9^997330300*00 -0.77648544710-10 -0 ,473??451 51d~1 0 -0*30885955360-08 

Oo 17280575200*05 -0.12443847660*01 0.10818481450+00 0,10000302240*01 0 . 3597 U 70?90«04 -0.66643406)70-06 

0.16201171870*01 A . 1 7279973970 ♦ 05 -0*93124389650-01 0.36920002370-04 0.99999668160*00 -0.43033469410-06 

-0. !08794l3O9n*nn 0.00337524410-01 0.17279845370*05 -0 , 7o74268069n-06 -0.41435032470-06 0 .9999733290D+O 0 

SOLVE -FOR PARAMETERS 

— NOMF 

DYNAMIC consider paramftfrs 
—NONE 

ignore parameters 

—none 

DIAGONAL OF DYNAMIC NOISE MATRIX 

0.0 0.0 0.0 0.0 n.o o.o 


OBSERVATION MATRIX PARTITIONS — TRANSPOSES SHOWN 

RANGE-RaTE (2) 

X -0. 1 1053965430-06 

Y 0.18220674680-06 

Z 0+14348516100-06 

VX 0.85039936100+00 


X (112.200) 
Y (112,200) 
7(11?. 200) 
VX ( 112.200) 
VY (112, 200) 
V7 { 1 1 2 , 200 ) 
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v/V 0.52597535A2”*00 

vz -0.13070917410-01 

solve-for PARAMETERS 

—NONE 

DYNAMIC CONSIDER PARAMETERS 
—NONE 

measurement consider parameters 

RADIUS 1 0.0 

LAT 1 0.0 

LONG 1 0.0 

RADIUS 2 -0.S61 1P62073D-04 

LAT 2 0.3103R9S1040-0? 

LONG 2 0.2806936**30*00 

RAO I US 3 0.0 

LAT 3 0.0 

LONG 3 0.0 

IGNORE PARAMETERS 

— NONE 


measurement noise MATRIX 

0.166***670-13 


gain matrix partitions 

k-matrtx 

-0- ll?0S9374ln + 07 

0.5417900944 [)4fl6 

0.42oq?76296D*07 

-0.443R131037D+00 

-0.65s3*44006D-0? 

0.2373R20«E4D*01 

S-MATRIX 

not DEFINED 

correlation matrix partitions and standard deviations at time 112.400 days, just before the measurement 

vz 


1.00000000 


RSS POSITION ERRORS. . . n.6071l4?233T6D*01 
RSS VELOCITY ERRORS. . • n.?8748226?3S40-05 


std dev * y z vx vr 

X 0, 234357890*01 l.OOOOOOOO 

Y 0.980726050*00 -0.94616726 1.00000000 

Z 0.551403470*01 -0.806*8944 0.92119043 1.00000000 

VX 0. 1003432*0-05 O.R9«^6364 -0.94438871 -0.00121360 1.00000000 

VY 0.341821120-06 -0.2034269* 0. 01285934 -0.20916747 -0.25918264 1.00000000 

VZ 0.267224370-05 -0.71914148 0.00935971 0.95260134 -0.69832791 -0,1379625* 
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solve-for PARAMETERS 


— NONE 

dynamic consider Parameters 
--NONE 



MEASUREMENT 

CONSIDER PARA^FTFRS 


RADIUS 

1 

- 0.21 <*09135 

0.23540414 

LAT 1 


-fl,, 1*7*21 52 

0,16101632 

LONG 1 


-0.39^2569 

0, 14624313 

radius 

? 

-0. 710030*7 

0,70832935 

LAT ? 


-n.S0»»9769 

0,55846314 

long ? 


-<1.3*1*121* 

0,14936440 

RADIUS 

3 

-0.437*798* 

0,48036973 

LaT 3 


0.302965*7 

-0.33777202 

LONG 3 


-0,3*ail8?l 

0 . 1504?760 


NO SOLVE-FOR PARAMETERS 


CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS AT TIME ll 



STD DEV 

X 

Y 

X 

0. 232531709*01 

l .ooouoonn 


Y 

0.97051377n*00 

-0,94536780 

1,00000000 

Z 

0 , 54038504O* 0 1 

-0.00648066 

0,92034176 

vx 

0.996746460-06 

0,99^20320 

“Do 94385264 

VY 

0,341816860-06 

-0.206*8365 

0„nl37?156 

V7 

0*259967140-05 

-0.71514505 

0,80609917 


RSS POSITION ERRORS * * » 0 .596243?27R02D*0 1 
RSS VELOCITY ERRORS, o . 0*2005108494509-05 


SOLVE “FOR PARAMETERS 
—NONE 

DYNAMIC CONSIDER PARAMETERS 
—none 


0.29129267 
0,20024278 
0.14734406 
0,82207911 
0. 58240743 
0.13834716 
0 , 3^612537 
0,27408008 
0,14270172 

NO SOLVE-FOR PARAMETERS 


MEASUREMENT CONSIDER PARAMETERS 
l -0,26246371 

-0.18026025 

- 0,40208336 

> - 0.74564116 

-0.52848997 

— fl , 353403^6 

1 - 0.35684973 

0 . 246*9237 
-0*34281610 


0.08122364 “0.25382433 

0.05573876 -0.17438826 

-0.151 74796 “0.40469996 

0.80868729 -0 • 69713763 

0.57306059 -0» 494 18939 

-0.16573006 -0.36729791 

0.51539459 -0.44695138 

-0.35675839 0.30937995 

-0.18574418 -0.34421328 


,400 DAYS * JU5T AFTER THE 
2 VX 


1.00000000 

-0.79948592 I.OODOOOOO 

-6.21242105 -0.26150411 

0,95086764 -0.69503248 


0.15740420 “0.29812705 

0 . 1 081 1553 “0.20484827 

-0.15545354 “0.40706515 

0.86069091 “0.72211498 

0.60995376 -0.5J 191419 

-0.10667510 -0.35972067 

0.39002298 “O.37?27602 

-0.27020298 0.25781985 

-0.20252046 -0.33909743 


-0,24927514 -0.10797541 

-0,17139354 -0.07508599 

0,76034654 -0.20179839 

0,05727998 0.79371482 

0,04152870 0.56137389 

0,69042353 “0.23880027 

-0.20491868 0,45050989 

0,14305379 -0,311 30644 

0,77213636 -0.24677522 


MEASUREMENT 

VY VZ 


1 0OOOOO0OO 

-0,14062690 1,00000000 


“0,25111261 -0.0236272B 

-0.17265692 -0,01711490 

0,76037108 “0.20814856 

0,05640653 0.05750450 

0,04090873 0.60659618 

0,69086452 -0,26614060 

-0,20157065 0,30379853 

0.14074603 -0.21008593 

0,77246570 -0,26889068 
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««*««« »**<> **«««« ft a«»»a4e*»«0««4«**<t»a««tf »««»«»« *«««««««««»»««»»»«»*« «e#oft«ft«»ftae«e«o«*#»«*«*«««««tt»»ft4«eoo«««« 


actual estimation error STATISTICS 

DIAGONAL of ArTUAL DYNAMIC NOISE COVARIANCE MATRIX 

o.o 0.0 0,0 0*0 0.0 0*0 

ACTUAL MEASUREMENT NOISE CORRELATION MATRIX AND STANDARD DEVIATIONS 
0.139099450-06 1 *00000000 

ACTUAL MEASURFMENT ReSTDUAL ME AN 

O.o 

ACTUAL MEASUREMENT RESIDUAL CORRELATION matrix and STANDARD DEVIATIONS 

0.3U25587D-05 1 *00000000 

ACTUAL ESTIMATION ERROR MEANS AT TIME 1 13.400 DAYS BEFORE THE MEASUREMENT 


X 

0.0 

Y 

0*0 

Z 

o.o 

vx 

0*0 

VY 

0.0 

VZ 

0.0 


ACTUAL CORRELATION MaTPIX PARTITIONS AND STAUDARn DEVIATIONS AT TIME 112.400 DAy«= JUST BEFORE THE MEASUREMENT 



STD DEV 

X 

Y 

Z 

VX 

VY 

VZ 

X 

0.2241 1 1560*02 

l.ooooooon 






Y 

0.9B076690n*ol 

-P.osa^iaofi 

1 .O000000Q 





7 

0.540999180*02 

-O.fllbSl 1 f f 

0*9 2664027 

1 .00000000 




VX 

O.96l42756n-05 

0.qq«343a« 

“0 ■ 95406652 

-0. 00684702 

l .oooonooo 



VY 

0.293S17S1D-05 

-(1.238029?? 

0.00508538 

-0.25658875 

-0.22033731 

1,00000000 


V7 

0.25S38333D-04 

-0.72^1226? 

0.B4521486 

0.97505620 

-0.71067616 

-0,23950364 

1.00000000 


SOLVE-FOR PARAMETERS 







—NONE 









DYNAMIC CONSIDER PARAMETERS 






—NONE 









MEASUREMENT CONSIDER 

PAOAMETEHS 






RADIUS 1 


-o.??*50699 

0.24282234 

0.08278570 

-0.26*91398 

-0.29029787 

-0.11298177 

LAT 1 


-(1.15**6159 

0.16691557 

0.05681070 

-0. 18?00733 

-0,19959945 

-0,07856740 

LONG 1 


-0.41T5S2T7 

0.15085163 

-0.15466632 

-0.42P3RU1 

0.88547532 

-0.2U15493 

RADIUS 2 


-0.759B56f.ft 

0.81317166 

0.82423965 

-0.72759575 

0,06670643 

0,83051600 

LAT 2 


-0 . 53216*38 

0.57606177 

0.58408147 

-U.51S78065 

0*04836300 

0*58740241 

LONG ? 


-0,37«0*0*2 

0.15407127 

-0.16891732 

-0.38334525 

0.80404521 

-0*24995613 

RADIUS 3 


-0.45748132 

0*50375953 

0.52530646 

-U. 46647881 

-0.23963476 

0.47139812 

LAT 3 


0.31650327 

-0.34841609 

-0 . 3636 1943 

0. 32289684 

0*16659588 

-0.32502410 

LONG 3 


-0.36*03409 

0.15516796 

-0.18931634 

-0.35925205 

0.89920536 

-0*25821713 
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I (i N 0 R F PARAMETERS 


--MON* 


SOivE-FOR PARAMETERS 
ND SOLVE-FOR PARAMETERS 

ACTUAL ESTIMATION f-PpQo MEANS at T fML U2.400 RAYS AFTER THE MEASUREMENT 


X 

0.0 

Y 

n , o 

l 

0.0 

vx 

o.o 

VY 

0.0 

V/ 

0.0 


ACTUAL CORRELATION MaTP[x PApTtTtOMS and STANDARD DEVIATIONS AT time 112.400 DAY^ JUST AFTEp THE MEASUREMENT 




STD DEV 

X 

Y 

1 

VX 

VY 

vz 


X 

0 # ???*3*o9n*o? 

l , ooo voonn 






Y 

0,941 19*30n+01 

-O.SSai J460 

1 .nooooooo 






7 

0.53O0O92*D*O? 

-O.0 14^2303 

n . 92580513 

1.00000000 





Vx 

0*R5587065n-0S 

0.998^602* 

•0.9538985B 

-U. 00581103 

1 . OqoOoOOO 




VY 

0,?9344539n-05 

-0 ,?45:>005* 

0.OU87067 

-0.25230479 

•0.2270*352 

1.00000000 



V7 

0.2491 2?12n-04 

-0 .72036667 

0,84297348 

0.97428038 

-U. 70040269 

-0.23449488 

1 .nooooooo 



SOL VF-FOR PARamftfRS 








--none 










dynamic CONSIDER PARAMETERS 







—NONE 

MEASUREMENT CONSIDER 

parameters 






RADIUS 1 


- 0 . 27*15055 

0,3 0036556 

0.1*024384 

•0 .31087502 

-0.29250596 

-0.02*65535 

LAT 

1 


-0, 18^^9331 

0.70*47974 

0.11006593 

•0*21360819 

-0,201117*5 

-0.01 785969 

LONr, 

1 


-0.419955] o 

0.15193330 

-0.1562579? 

-0.42447244 

0.80571048 

-0.21720552 

RADIUS ? 


-0.77870330 

0 *84768439 

0.87621773 

-0-75799471 

0.06570457 

0.89*51623 

LAT 

•> 


-O.SS190O2O 

0. *0054 766 

0,62095730 

-0.53300513 

0,04765212 

0.63299079 

LON* 

? 


-0.3**19525 

0,1 4265625 

-0.19004271 

•0.37510337 

0.80474*47 

-0.27772091 

RflDTUS 3 


-0.37^71093 

0.40846348 

0.39705698 

•0 *30719645 

-0.23479751 

0.317017*1 

LAT 

1 


0.25™70*4 

-0,762*1684 

-0.27507743 

0*26884497 

0.16394*58 

-0.21922719 

LONr, 

3 

iunorf parameters 

-0.35805353 

0.14714644 

-0.^0617392 

-0.35359822 

0,89979078 

-0,28059065 


NONE 
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ERROR ANALYSIS MODE-FINAL INSERTION EVENT AT TRAJECTORY TIME 0 , 11 60 OOO 00* 03 DAYS PROBLEM, , 118 

0000000000000*000000000000000000 0000000000000000000000000000000000 

AT TRAJECTORY TIME I 18 .OOOO 


STATE 

X-COMR 

Y-COMP 

Z-COMP 

RADIUS 

X-DOT 

Y-nOT 

7 -POT 

VELOCITY 

INERTIAL 
HELIO- 
ROT. GEO- 

0 . 11149260+07 
0 . 11174190+09 
0.1 4949570 + 07 

0 ^ 99591000+06 
0 . 90013730 +aB 
- 0 . 3 ? 1 1 489 f)+ o fl 

- 0 .^ 3621150+01 

- 0 . 57153740*03 

-( 1 .^ 3621150+01 

0 , 14949570+07 

0 . 1490 ^ 000+09 

0 . 14949 S 7 D +07 

- 0.22109491 
- 20 ,53970477 
0.17314054 

0.50741756 

22.62046631 

0.22309137 

0 . 03652 R 09 

0.03757402 

0.03652101 

0.55469797 
30.55431052 
0 ,28474759 


STATE TRANSITION MATRIX PARTITIONS OVER { 113.000* 118.000} —TRANSPOSES SHOWN 

X(llft.O0O> YU18.0O0) Z(UB.OOO) VX(118*OO0> VV(IIB.OOO) VZ(U8.000) 

XdU.OOO) 0. 10152625100+01 0 * 22*20 75535D-0 1 -0 . 22290055410-03 0.65116498860-07 0.10607307920-06 -0.75504260140-09 

V X 1 13*0001 0.2?89RU8798O-C!l 0 . 1 0 0 095 3? 350 + 0 1 -0 . 1 5507 23 1 6 1 0-0 3 0 . 1 1)502702590-06 0 . 9690 ^1 1 8860-08 -0.54249377040-09 

Z< l 13.000) -0.22390090810-03 -0 . l5675??759n-01 0 . 90 A 0352 I 9 1 0+00 -0.76602755300-09 -0 . 55229423 1 2n-09 -0.72531169510-07 

VX(113 # 000> 0. 4339o900?40*06 n . 32Q962803 00+ 04 -0 . 229966B804O+ 02 0 . 1 0 \ 263223 1 0+ 0 I 0 .2275] 609560-01 -0 . 1 039670460D-03 

VY ( 1 13.000) 0.32918467030+04 0.43228740470+06 -0 . 1 7 1 0 360 7 1 8D+ Q 2 0,22731996020-01 0 . \ 0030607380+0 1 -0 . 79011 47092D-04 

V? ( 1 13.000) -0.23353240970+02 -0 , 1 699 3^35 1 q n + 0? 0.42973490130+06 -U , 1 049393 1 77n-03 -0.79849007310-04 0,98454892050+00 

SOLVF-FOR PARAMFTFRS 

--none: 

DYNAMIC CONSIDFR PARAMETERS 
--NONF 

IGNORE PARAMETERS 

--NONE 

DIAGONAL OF DYNAMir NOISE MATRIX 


0.0 

MATRTX 1 = PHI*R«PHI 
0 . 4417779217340+04 
- 0 . 5485442905880+03 
0 . 1 83601596597 D +03 
0 * 1027208867920-01 
- 0 • I l O 567490 P 5 10 - 0 ? 
0 . 4494333051500-03 


0.0 

( TRANSPOSE) 
- 0 . 5455442905680+03 
0 . 1475263703240+05 
0 . 1055470519950 + 0 ? 
- 0 . 7541259015000-03 
0 . 3420637 20 40 90- 01 
0 . 3095252193100-04 


0.0 


0 . 1836015 Q 6597 D +03 
0 . 185547051995 D+ 0 ? 
0 . 1467119 T 5250 D +05 
0 . 4 S 5663711539 D -03 
0 . 3473350040100-04 
0 . 3352910770030-01 


0 . 1836015965970+03 
0 . 1855470519950+02 
0 . 1467119752500+05 
0 . 4556637 U 539 D -03 
0 . 3473350040100-04 
0 . 3352910778030-01 


0*0 


0 . 1027208867920-01 
- 0 . 754 l 259 fll 5000-03 
0 . 4556637115390-03 
0 . 2393248681645-07 
- 0 . 1309500829770-08 
0 . 1053782414350-00 


0 . 1027208867920-01 

- 0 , 7541259015880-03 

0 , 45 * 6637115390-03 

0 . 2393248601640-07 

- 0 . 1389500829770-08 

0 . 1053782414350-08 


0.0 


- 0 . 1105674980510 - 0 ? 
0 * 3420637204080-01 
0 . 347 i 350040 lPD -04 
- 0 . 1 309500829770-04 
O* 793 ? 3979105 PD-O 7 
O. 0 O 6245711842 D- 1 O 


- 0 . 1105674908510 - 0 ? 

0 * 3420637204000-01 

0 * 3473350040180-04 

- 0 . 1389500829770-00 

0 . 7932397918580-07 

0 *B 06 ? 457 llB 4 ?D -10 


0.0 


0 . 4494333051500-03 
0 . 3095252193100-04 
0 . 3352910770030-01 
0 . 1 n 537824 14 350-08 
0 . 8062457118420-10 
0 . 7679156433750-07 


0 . 4494333051500-03 
0 . 3095252193100-04 
0 . 3352910778030-01 
0 . 1053782414350-08 
0 . 0062457 11 84 ?n -10 
0 . 7679156433750-07 


total covariance MATRIX AT K+l 

0 . 4417779217340+04 - 0 . 5455442905880+01 
- 0 . 5455442905880+03 0 . 1475263703240 + 05 . 

0 , 1036015965970+03 0 . 10554705 1 995 D + 0 ? 

0 , 1 027200067920-0 1 - 0 . 754 } 25981 580 D - 03 
- 0 . 1105674988510 - 0 ? 0 * 3420 * 37204880-01 

0 * 4494333051500-03 0 . 3095252 1 93 10 D-O 4 


correlation matrix partitions and standard deviations at event time up.ooo oats 
based on measurements up To time 113.000 days 
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X 0.66466377n*ri? 

v o.l?Ub043n*r)3 

7 0*1?) J ?472n+n3 

VX O. 15470l?Rp-03 

V Y 0. ?8t64S13n-n3 

V 7 0.?7T1 l?Qln~03 


1 .OOOOOOOO 

-0*o675?6i l ! .oononOOO 

0.022*0561 O.001?6l2l 

0,990*9391 -0,04013425 

-0*05906405 0,99993079 

0*02440094 0,00091961 


1.00000000 

0.02431743 UOOOOOOOO 

0. 00101815 -0*03139060 

0. 99A924Q? 0*02456104 


1.00000000 

0*00103302 1.00000000 


RSS POSITION ERRORS. . , n, iyl96090?643D 4 03 
R5S VELOCITY ^HRORS. . . r> * 4?43?066q?75n-03 


SOLVF-FOW PftRAMFTFoS 
-_ N(.inf 

mVNAMIC COMSIDFP Parameters 

_ »mqnf 


MEASUREMENT CONS J npM PaRaKFTfRS 


RADIUS 1 

-0,01 143080 

0*00182943 

0.00663836 

-0.00205554 

-0.00058684 

-0*00046611 

LAT 1 

-0*00785152 

0*00125764 

0.00455052 

-v. 0014] ??4 

-0.00040329 

-0,000328.31 

LONS ) 

-0, 01723533 

0*00197900 

-0.00894055 

-0.00295991 

0,00049*79 

-0.00166440 

RAO I US ? 

-0*03155696 

0.00620271 

0.0464741 J 

-0.00499416 

-0*00072353 

0,00652333 

LAT ? 

-0 , 0P2J6751 

0*00439550 

0.03292390 

-0.00354050 

-0*0 0 05J 1 70 

0.00461284 

LONs ? 

-0. 0151600 n 

0*00184124 

-0*01090393 

-0,0026044 1 

0.00046466 

-0.00214856 

RADIUS 3 

-0, 01 S30UQ4 

0. 00267787 

U. 02018531 

^0*00 257624 

-0*00062686 

0.00217632 

LAT i 

0,010^9166 

-0.0018510? 

-0,01398019 

0.001784? 0 

0. 00043$40 

-0*0015042? 

LONs 3 

-0*01462461 

0.00 199404 

-0*01162506 

-0.0024482B 

0.00057716 

-0. 00814879 

MO 

SOL VF -F nP PAhAMfTFRS 







POSITION ETCiE, MVAl. UFS 

square roots of 

eigenvalues 





1 0.43R575R?50?t6D«m14 

l 

0.66225057570*02 





? 0* 1478?OS7n8l890*05 

2 

0. 121581606/0*03 





3 n, 1467374044?64n*05 

3 

0. 12113533110403 





POSITION tTOFNVECTnpc; 

1 n *99ft4 56?3 79? 3 JO + 00 (1*52574605446290-01 -0,17917918797300-01 

2 -n. 50933/71 1 17930-n) 0.9953l26*2D52l04QO 0 ,822098?738433n-0 1 

3 0.221560P 06952 70-0 1 -0 . 8 1 1 70287 79S5bl)-0 1 0 .996453059 03040*00 


VFLOCTTY KlfiFNW4LUF5 SQUARE ROOTS OF EIGENVALUES 

1 n , 23rt765og<jqs9iO-(J 7 1 0.15462054850-0 3 
? 0*793599^5^888^0-07 2 U . 28 1 7 090 0840*0 3 
3 (1,768114*5054990-07 3 0,27 714881390-0 3 


VELOCITY EIGENVECTORS 

I n*99p4°6*i?655SU«-(lO 0 . 25075943 36044D-O 1 -0 . 1 994262235858D-0 1 
? -Q.245513^51 *9<KD-0l 0 *0994700 1 7685 1 0 * 00 0 , 2 1 260 1 95*»54?2D-0 1 
3 n.?u 4 65172581 130-01 -0 * 20?5 7668 769Q9D-0 1 0 .99957505766 1 20* 00 




MATRIX 1 s PHI*P»PHT TRANSPOSE) 

0 .51 4777238921 D+04 -0. 77B?949B2355D+ 03 
-0* 778294982355D + 03 0 . 148407771 15.3D + 05 

TO. 1101900711650+04 0 * 50 37 1 03596280+ 0 3 

0*1 055683066850-01 -0.842541 IS1617D-03 
-0.1 0486351 71 64D-02 0 .3421 no568665D-0 1 

0.7036054082250-04 0 . I69?954777l OD-O 3 


-0*1181980711650+04 
0*5037183596280+03 
0.1870200635420+05 
-0 • 542526 U4427D-04 
-0.l568l69ilU0D-03 
0*34795297021 3r>- 01 


0.1 055683066850-01 
-0*8425411516170-03 
-0.5425261144270-04 
Q. 2405564110130-07 
-0.1368374284950-08 
0.9146081525690-09 


-0*1048635171640-0? 

0*3421 00 56 8665D-01 
-0*1568169111100-03 
-0.1368374264950-08 
0,7939307047680-07 
0.2672813961760-10 


total covariance mat 
0.5147772389210+04 
-0.7782949823550+03 
-0.1181980711650+04 
0.1055683066850-01 
-0.1048635171640-0? 
0. 7036054002250-04 


IX AT K+l 

-0. 778294982 3550+ 03 
0.1484077711530*05 
0. 5037183596280+03 
-0.H4254U5161 7D-03 
0*342] 005685550-01 
0* J69?954777l00-03 


-0.1181980711650+04 
0.5037183596280+03 
0.1870200635420+05 
-0.5425261 1 44270-04 
-0*1560169111 100-03 
0.3479529702130-01 


0.1055603066850-01 
-0.8425411516170-03 
-0.5425261 144270-04 
0.2405564110130-07 
-0.1368374284950-08 
0.9146081525690-09 


-0,1040635171640-02 
0.3421005686650-01 
-0.1568169111100-03 
-0.13683742B495D-08 
0. 79393070 4760D-O7 
0.26728139B1760-10 


0. 7036054082250-04 
0.1692954777100-03 
0.3479529702130-01 
0.9146081525690-09 
0,2672813981760-10 
0*7725146570140-07 


0.7036054082250-04 

0.1692954777100-03 

0.3479529702130-01 

0.9146081525690-09 

0.2672813981760-10 

0.7725146570140-07 




ACTUAL ESTIMATION ERpOr mEANS at Tt*E 118.000 DAYS 


X 

n.n 

Y 

0.0 

Z 

0.0 

VX 

0.0 

VY 

0,0 

VZ 

0.0 


ACTUAL CORRELATION MaTPTX PARTtTTOmS AND STANDARD DEVIATIONS AT TIME 118.000 DAYS 



STD OF V 

A 

Y 

l 

vx 

VY 

VZ 

X 

0,71 747978D+02 

i .ooouoono 






Y 

O.l?l0??73n*O3 

-n . O09M443? 

l.ooronooo 





7 

0, 13675520D+O3 

-0. 1204638? 

0,03023537 

1 .00000000 




VX 

0. 15509081 n-03 

0 ,94007055 

-0,04459173 

-0. 00255781 

U00O0O000 



VY 

0,201 76776D-03 

-n. 05107086 

0.996630P0 

-0.00406965 

-0.03131159 

1,00000000 


V 7 

0.?779M48n-f)3 

0.00352831 

0*00499993 

U. 91542566 

0.02121646 

0,00034129 

1.00000000 


SOLVE-EOR PARAMETERS 








--NONE 

DYNAMIC CONSIDER PARAMETERS 


— NONE 


MEASUREMENT CONSIDER PARAMETERS 


RADIUS 1 

-0,1 050934 3 

0.0 1823906 

0.05879622 

-0*02050268 

-0 * 0 0506590 

-0*00464723 

IAT 1 

-0.07273546 

0.01253904 

0.040304H 

“0.01408624 

-0 .00*031 14 

-0.00327330 

LONG ] 

-0.15966501 

0.01973115 

-0,07918685 

-0*02Q5?327 

0,00496577 

-0.01659441 

RADIUS 2 

- 0 . 29233953 

0. 06104268 

0.41162316 

-0.04981358 

-0,00723215 

0,06503006 

LAT ? 

-0.20720968 

0. 0438243d 

0*29160833 

-0.035314?4 

-0.0051J479 

0.04599006 

long ? 

-0,14044023 

0,01835761 

-0.09657652 

-0.02597738 

0*00464660 

-0*02142178 

RADIUS 3 

-0.141 U560 

0,02669902 

0.17878217 

-0.02569639 

-0.00626592 

0.02169837 

LAT 3 

0.09B1 1977 

-0.01845514 

-0.123823J3 

0.01779702 

0.00435212 

-0*01499732 



LONG 3 -0.13540043 0.01908114 -0.10296360 -0.0244?010 0.00576911 -0.02142307 


ignorf parameters 

—none 


SOLVE-FOR PARAMETERS 
NO SOLVE-FOR PARAMETERS 

POSITION E I GENVAL Urs SQUARE ROOTS OF EIGENVALUES 

1 0.4990947Q934biD*04 1 0.7(1646641770*02 

2 0. 148U4H7P5R04D + 05 2 0. 1 21 7 U77b3D*03 

3 0. 18R85l?06l 02&D*05 3 0. 137423144413*0 3 


POSITION EIGENVECTORS 

1 n. 99 37 S20 41 94000*00 D . 742 A 3 1 67482390-01 0 . 8294 1 3?9S4 34 00-0 1 

2 -0.6iSS794^Q90lPD-01 n . 98 72 7260 2??3 OU* 0 0 -0 , 1 4664{)47?9550O* 00 

3 -0.9?77*6?1'16?3pD-01 0 . 1 <♦ 062297 084?hO ♦ 0 0 0.96570650172610*0(1 


VELOCITY EIGENVALUES SQI.IARF ROOTS OF EIGENVALUES 


00 

1 

0 ,?4006lnl3088lD-07 

l 

0,15493902450-03 

vil 

? 

0.794268946064^0-07 

? 

O.2018277747D-O3 

-C* 

3 

0 , 7 72671R1 364220-07 

3 

0 .2779697 4900-03 


VFLOCTTY 

eigenvectors 




1 

n. 99q547 17490200*00 

0 . 24702812057920-01 -0.17181067344650-01 


2 

-0.246736)62474^0-01 

0.99969373696720*00 0.19091699083150-02 


3 

n,17?237^704?34 D -0l 

-0.1484366R33723U-02 0 . 99985055fl?5 7B[>* 00 


STATE TRANSITION MATRIX PARTITIONS OVrp ( 113. onQ* llR.Oni)) —TRANSPOSES SHOWN 

X(IIA.OOO) Y(llfl.OnO) 2(118.000) VXUIS.OOO) 

X ( n 3.0 00) 0. 10lS?6?5l0O*01 A. 2292 0755 350“ 01 -0.22298 055410-03 0.65116498860-07 

Y ( 1 13.000) 0.2289o0B798n-01 0.10009537350*01 -0.15587231610-03 0 . 1 05827B2b9n - 06 

7(113.000) -0. 22390890810-03 - 0 . t 56 75?? 7590- 0 3 0 . 9840 3&21 9 1 U* 00 -0.76602 755300-09 

VX(113.000) 0.4339Q90024D + 06 0 . 328962883 QO* 0 4 -0.22996688840*02 0 . 1 0 1 263223 ln*0 1 

VYU13.000) 0. 329l345703n*04 0,43220748470*06 -0.17103607180*02 U . 2273 1 9960?n-0 1 

V? (113*000) -0.23353240970+0? -0 . 1 6993035100 * 02 0,42973490130*06 -0,10493931770-03 

solve-fur parameters 

— NONE 

DYNAMIC CONSIOER PARAMETERS 
—NONE 

ignore parameters 


VYM 18 . 000 ) 

0,10607307920-06 

0.96903118860-08 

-0.55229423120-09 

0.22751609560-01 

0.10030607380+01 

-0,79849007310-04 


vzma.ooo) 

-0,75504260140-09 
-0,54?4937704D-09 
-0.72531 16951D-07 
-0. 10396704600-03 
-0,79011470920-04 
0 , 98454892850*00 



’-NONE 


* ASSUMED GUIDANCE EVENT * 


co 

\!n 

Vn 


DIAGONAL of dynamic NOISE MATRIX 

o.o o.n 


0.0 


O.o 


0.0 


o.o 


MATRIX 1 s PHI*P*PHI 
0.44177792 17340*04 
-0.5455442905800+03 
0.1836015965970+03 
0. 1027208867920-01 
-O.UO567498B51D-0? 
0,4494333051500-03 


(TRANSPOSE) 

-O.545844?9O50BO*O3 

0 . 1475263703240,05 

O.l8Sc;4roSl99SO + 0? 
-0.754125981588U-03 
0. 342O6372048AD.O1 
0.3095252193100-04 


0M83601596597D+03 
O.105547O51995D+O2 
0*l4671197b?50O*05 
0*45586371 15390-03 
0.34733500401*0-04 
0.33B2910T7fl03D-01 


0.10?7208fi6792D-01 
-0.75412S981588D-03 
0.455663711539D-Q3 
0.2393248681640-07 
-0 * 130950 0829770—08 
0.1053782414350-08 


-0,1105 67 498R51D-02 
0.342 0 637204A8D-01 
0. 3473350040)80-04 
-0.1 38950 OR 29770- OR 
0.7932397918580-07 
0, 8062457110420-10 


total covariance MATRIX AT kM 

0.441777921734D*04 -0 . 5455442905880* 0 3 
-0.5455442905850 *03 0 . 1 475263 7 0.3240 ♦ 05 

0*1836015965970+03 0 . 1 B5547 05 1 995D ♦ 0? 

0. 1027208867920-01 -0. 754 l 259915800-03 
-0.110567498B51D-02 0. 3420637204800-0 1 

0.4494 33305 150D-03 0 . 3 095252 1 9 3 1 0D-04 


0. 1836015965970+03 
0.185547051995D+02 
0 .1467119752500+06 
0.4556637115390-03 
0*3473350040190-04 
0.3352910778030-01 


0. 1027208867920-01 
-0.7541259815880-03 
0.4556637115390-03 
0.239324868164D-07 
-0,1309500829770-08 
0.10537824143*0-08 


-0.11 056749885 1D-0? 
0 .3420637204880-01 
0.3473360040180-04 
-0.1389500029770-08 
0.7932397918580-07 
O.0O6245711S42O-ln 


0.4494333051500-0.3 

0.3095252)93100-04 

0.3352910778030-01 

0*1053782414350-08 

0*8062457118420-10 

0.7679156433750-07 


0.4494333051500-03 

0-309525219310D-04 

0,3352910778030-01 

0.1053782414350-08 

0.8062457118420-10 

0.7679156433750-07 


CONTROL CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS just before guidance correction at TIME 


118.0000000 DAYS 



STD DEV 

A 

Y 

X 

0.66466377n+02 

i.ooovooon 


Y 

0.12146043D+03 

-0,067^7611 

1.00000000 

Z 

0.121 124720+03 

0. 022*0561 

0.00126121 

vx 

0. 15470l28n-03 

0.99099391 

-0,04013425 

VY 

0. 281645130-03 

-0,05906405 

0.99993079 

vz 

0.277112910-03 

0.0244Q094 

0.00091961 


Z 

VX 

VY 

VZ 

l.OOOQOUOO 




0*02431743 

1.00000000 



0.00101815 

-0*03189060 

J .00000000 


0 , 99B924Q2 

0,02458104 

0,00103302 

1.00000000 


RSS POSITION ERRORS. . . 0. 1839609028430+03 

RSS VELOCITY ERRORS. , . 0. 4243206692350-03 


SOLVF-FOR PARAMFTEPS 
--NONE 

DYNAMIC CONSIDER PARAMETERS 


—NONE 


measurement CONSIDER 

RAOTUS 1 
LAT 1 
long 1 
RADIUS 2 
LAT 2 
long 2 
RADIUS 3 
LAT 3 

long 3 


parameters. 

-0.01143080 

-0.0078515? 

-0.01723533 

-0.03155696 

-0.02236751 

-0.01316000 

-0.01530094 

0.01059166 

-0.01462461 


0.0018?943 

0,00125764 

0.00197900 

0.00620271 

0.00439550 

0.00184124 

0.00267787 

-0,00185102 

0,00199404 


0.00663836 

0*00455052 

-0.00894055 

0,04647411 

0,03292390 

-0.01090393 

0.02010531 

-0.01390019 

-0.01162506 


-0.00205554 
-0, 0014]??4 
-0.00295991 
-0,00499416 
-0.00354050 
-0.00260441 
-0.00257624 
0.00170420 
-0.00244820 


-0.00050684 
-0 o 0 0 040329 
0.00049679 
-0,00072353 
-0.00051)70 
0.00040486 
-0.00062686 
0.00043540 
0.00057716 


-0,00046611 

-0.00032831 

- 0.00166440 

0.00652333 

0.00461204 

-0.00214858 

0.00217632 

-0.00150422 

“0.00214879 



MO SOlVF>FOR PARAMcT^RS 


PnSITION 

EIGENVALUES square 

ROOTS 

or eigenvalues 

1 

n.438S75R2S025<>0*0* 

1 

0.6*225057570*0? 

2 

n.lA7820A708l890*flS 

2 

0.12158160670*03 

3 

0.1 *67 37*8442**0* 05 

3 

0.12113533110*03 


PHSITION E I GEN VECTORS 

1 0.998456?3792330*nn 

2 -0.50933771 1 179J0-01 

3 0.221560006952 'D-01 


r>. 52574605449290-01 

0.9953 12^.621)52 10* 00 
-0.81 170287795550-01 


-0.1791791B79730D-01 

0*82209B?738433n-01 

0.99645395903040*00 


vfLOCITY EIGENVALUE 

1 a.?307h59989S9 ID 

? II . 793599*538^320 

3 0,7601)465054990 


07 

07 

07 


SQUARE ROOTS OF EIGENVALUES 

1 0.] 5452054350-03 

2 0,201 709003^0-03 

3 0.27714001390-03 


VELOCITY EIGENVECTORS 

1 0.999*866 1 ?6555f) + 00 

2 -0. ?46513?51 09O^D-O1 

3 0.20465172581 130-01 


0.25075943360440-01 
0.99947001 76851U*00 
-0.20757668769990-01 


-0.19942e?235fl58D-01 
0*21260195554 22D-01 
0.99957505766 120^00 


CO 


Ln 

O' 


final i nsrht Ion is impulstvp **#*«**+#* 

EXPECTED VALUE OF VElOdTY CORRECTION 

0. 15965O0000D-01 -0 . 2083 18000 '>U ♦ ij 0 -0 • 3707 1 00 000D *0 1 


SIPPROs 0.10000000000-03 SIG«FS= 0-10000000000-09 

5 1 G A L P s 0.3430 0 00 0 000-0 3 SIGBFTs v> . 3 4300000000-03 


E *ECU7 T ON ERROR CORRELATION 
0.53342432950-02 
0.29540004780-0? 
0.53071397MO-0? 


matrix anh standard deviations 

O.lOOnnOOOOOD+Ol 0. 70260325 180-0 l 
0.70240325100-01 0.10000000000*01 
0.52034842040-0? -0.16795983260*00 


0,52034542040-0? 

-0.16795900260+00 

0,1000000000D+01 


1 

? 

3 


EIGENVALUES SQUARE 

0.285l60R73658bD-04 
n. 83 1 382809500 vd-05 

0.28516087365850-04 


ROOTS OF eigenvalues 

1 0,53400456330-02 
? O.20B337O96UO-O? 
3 0.53400456330-02 


eigenvectors 

1 0.99043555737 l^D + ftf) 

2 -0.5b36955243S20D-01 

3 0 .7787837771 1 6*0-0? 


0.58912911720090-01 

0.98974332552010+00 

-0.13146062407060+00 


-0.42904446601260-03 

0.13169040295090+00 

0.99129000177890+00 


CONTROL 

CORRELATION MATRIX PAR 

TlTlONS AMD STAMDARn 

HE vl A T IONS 

JUST after final 

INSERTION 




STD DEV 

A 

Y 

z 

VX 

vr 

vz 

X 

0.664663770*02 

I .OOOUOOOO 






Y 

0.12 1 46043H+O3 

-0.067^7611 

1 . nooooooo 





7 

0.121 1 24 7?r. + 03 

0. 02280561 

0. 00126121 

1,00000000 




vx 

0.53364861n-0? 

0.02096019 

-0.00116347 

0,00070495 

1.00000000 



VY 

0.29673966^-02 

-fl . 00560596 

0.09490664 

0.00009664 

0*06982600 

1 ,00000000 


VZ 

O.53143696r>-02 

0.00127236 

0.00004795 

0*05208797 

0*00523135 

-0,16696906 

1.00000000 



B -57 


«ss POSITION ERRORS. . . 0 . 1039609020430*03 

RSS VELOCITY ERRORS. . . O. 80949162 Q 54 SD-V 2 


SOLVE-FOP PARAMETERS 
—NONE 

dynamic consider parameters 

—NONE 


MEASUREMENT CONSIDER PARAMETERS 


RAOIUS 

1 


- 01011*3080 

0.00182943 

0.00663836 

- 0.00005959 

- 0,00005570 

- 0,00002430 

LAT 1 



- 0 . 007 » 515 ? 

0.00125764 

0.00455052 

- 0 . 00 004094 

- 0 . 00003028 

- 0.00001712 

long 1 



- 0 . 017<23533 

0.00197900 

- 0,00894055 

- 0.00000501 

0.00004715 

- 0.00000679 

Radius 

2 


- 0 , 031^5696 

0.00620271 

0,04647411 

- 0.00014478 

- 0.00006067 

0,00034015 

lat- ? 



- 0,02236751 

0.00439550 

0,03292390 

- 0. 00010264 

- 0 . 00004 R 57 

0.00024053 

long ? 



-O.OlSifeOOO 

0.00184124 

- 0.01090393 

- 0.00007550 

0*0 0004412 

- 0.00011204 

RAOIUS 

3 


- 0,01530094 

0.00267787 

0 . 02018 b 31 

- 0*00007468 

- 0.00005950 

0.00011340 

Lat 3 



0.01059166 

- 0.00185102 

- 0,01398019 

0.00005172 

0.00004133 

- 0.00007044 

LONG 3 



- 0 . 01*92461 

0.00199404 

- 0.01162506 

- 0*00007097 

0.00005478 

- 0.00011205 


NO 

SOLVE-FOR PARAMfTFRS 








POSITION 

EIGENVALUES 

SQUARE ROOTS OF 

eigenvalues 






1 

0.438575 A ?6 0 ? 56 ()*f >4 

1 

0 , 66225057570*02 






2 

O. 147 B 2 OP 7 O 01 BVQ+O 5 

2 

0 . 1215816067 D +03 






3 

0 . 1 4673768 4 42 & 4 D +05 

3 

0 . 12113533110*03 





POSITION eigenvectors 

1 A.99R4S6?379?33D+no 0 . 525?460544B?9D-0 1 -0 . 1 791791 9797300-0 1 
? -0.5093377) 1 1793D-01 0 .0*53 1 26*205210+ 00 0 . B22098P73B433D-0 1 
3 fl. 22 15600 06*52 fD-01 -0 , 0 11 70287795550-0 1 0 . 996453Q5903040+ 00 


velocity eigenvalues square roots or eigenvalues 

1 0 . 285400 P 5064640-04 1 O. 53422065 QZD-O 2 
? 0 . 8393096109651 0-05 2 0 . 20970040700-02 
3 0 , 28592929602750-04 3 0 . 534723570 SD -02 


VELOCITY EIGENVECTORS 

1 O.990IQ8 711324OOOO 0 * 5790379?B7944U-O 1 -0 , 1 540 02776763BD-0 1 

2 - 0.55460 258704820-01 0 . 989 7 36*39385 1 0* 0 0 0 . I 3 1 7054902 I 270 + 00 

3 0 . 2207890 * 7784 * 0-01 - 0 . 13061415011010+00 0 . 991 1 6925663350+ 0 0 


KNOWLEDGE CORRELATION maTpIX PARTITIONS AND STANDARD DEVIATIONS JUST AFTER FINAL INSERTION 

STD DEV * Y Z vX VY V 7 

Y 0 . 664663770*02 UOOOOOOOO 

Y 0 . 12 1.46 043 n + 03 - 0.06757611 1.00000000 

I 0 . 121 1247 ?n +03 0.02280561 0 . 001261 Z 1 l.OOOOQOOQ 

VX 0 . 53364 ft 61 n -02 0 . 0 ?B* 601 * - 0. 00116347 0.00070495 1*00000000 

VY 0 . 2967396 fen -02 - 0.00560596 0,09490664 0.00009664 0.06902600 1,00000000 

V 7 0 . 531436960-02 0 , 001^7236 0.00004795 0. 05208797 0.00523135 - 0.16696906 


1 .000 :; 0 0G 



wss POSITION ERRORS. . . ft. 18396U90?fl43O* l - , 3 
RSS VELOCITY ERRORS * . . ft . 8o948l62Q54Sn-02 


SOLVE -FOP PaPAMFTFoS 
..NONE 

‘nYNAMTC CONSIDER PaRamETEHS 
— NONE 


MEASUREMENT CONSIDER PARAMETERS 


RAOIMS 1 

-0,01143000 

0,00182943 

0*00663836 

-0 • Oft ft 05959 

-0.00005570 

-0.00002430 

LAT 1 

-0,00705152 

ft. 00125764 

0*00455052 

-0*00004094 

-0,00003028 

-0,00001712 

long 1 

-0,01723533 

0,00197900 

-0.00894055 

-0 * 0 0 ft 0858 1 

0.00004715 

-0. 00008679 

RADIUS ? 

-0,031^5696 

0.00620271 

0*046474] 1 

-0* 00014478 

-0.00006067 

0,00034015 

LA I 2 

-0.0^236751 

0.00439550 

0,0329*390. 

•0.0ftftl0264 

-0,00004057 

0.00024053 

LONG 2 

-0,01516000 

o,nni84i24 

-0. 01090393 

-0,00007550 

0,00004412 

-0.00011204 

Radius 3 

-0.01530094 

n,f10267787 

0,02018531 

-0.00007468 

-0.00005950 

0.00011348 

LAT 3 

0.010^9166 

-0,0018510? 

-0*01398019 

0,00005172 

0.00004133 

-0.00007044 

long g 

-0.01462461 

n. ft 01 99404 

-0.01162506 

-0, 00O07097 

0,00005478 

-0.00011205 

NO 

SOLVE-FOR PARAMETERS 







POSITION EIGENVALUES 

SQUARE ROOTS OF 

eigenvalues 





1 O.430b750?5O?56D+O4 

1 

0.66225057578*02 





? ft. 14782O87O0109D+O5 

? 

0*l?158l6067D*03 





3 0. 1467376«44?64D*05 

3 

0,12113533110*03 





POSIT I ON E I GENVECTops 

1 n.990456?379?33D*OO 0 , 52574605448290-n 1 -0,179X7918797300-01 

2 -0,509337 71 1 1 79 3D-01 n . 99&3 1 266*0 52 10* q 0 0.02209827384 330-01 

3 0,2215608069S27D-01 - 0 , 8 1 1 702B7795S50-0 1 0.99645395903040*00 


VELOCITY EIGENVALUES SOOAPE ROOTS OF EIGENVALUES 

1 ft. 28540025 064640— 04 1 0*534228650*0-0? 

2 0.83930961096510-05 2 0 . 289708407 VD-02 

3 0 , 20S929?960?75D-O4 3 l> . 5347 235705D-02 


VELOCITY EIGENVECTORS 

1 0 .998 I9073732 46 o*on 0 , 579037 9?87944D-0 1 -0.15400277676380-01 

2 -0.55460258704020-01 0 . 989736239385 1 D* 00 0,13170549021270*00 

3 0,22870996778400-01 -0,13061415011810*00 0,99116925663350*00 



